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ABSTRACT
In the pecan breeding program at Louisiana State
University in Baton Rouge, Louisiana, emphasis has been
placed on the propagation of cultivars which are prolific,
precocious, disease and insect resistant, and which are
adaptable to Louisiana climatic conditions.

However, the

chemical composition as it relates to the nutmeat quality
of these cultivars has not been thoroughly investigated.
For this reason, an investigation was conducted to
determine differences in oil composition among 10 Louisiana
pecan cultivars since oil quality characteristics of pecan
nutmeats are influenced by their chemical composition.
Oil characteristics, namely, oil content, iodine
number, fatty acid composition, and tocopherol content, were
measured on individual cultivar nutmeats.
In general, a highly consistent negative correlation
existed between oil content and iodine number.

As the oil

content increased, the iodine number decreased among cultivar nutmeats.
Fatty acid composition was determined for individual
cultivars.

Qualitative and quantitative analyses on sepa

rate gas chromatographs were in close agreement for major
fatty acids present in pecan oil.
resolved were myristic, palmitic,
ix

The seven fatty acids
stearic, oleic, linoleic,

linolenic, and cis-ll-eicoaenoic.
The major saturated acids in pecan oil were pal
mitic and stearic, together constituting 6-8% of the total
fatty acid composition, while myristic and cis-ll-eicosenoic
acids were detectable in only trace amounts.
Oleic and linoleic acids composed greater than 90%
of the fatty acid composition in pecan oil.

Correlation

studies indicated a high linear degree of association b e 
tween oleic acid and linoleic acid, where increases in one
characteristic were highly consistent with decreases in the
other characteristic independent of cultivars, size of
sample, or GLC response.
Linolenic acid accounted for less than 1% of the
fatty acid composition in pecan oil.
The major tocopherol form in pecan oil was the
gamma isomer.

Since no correlation was indicated between

gamma tocopherol and the polyunsaturated acids, its role as
an antioxidant in pecan oil must be of secondary importance.
The quality and potential stability of pecan oil
among the cultivars studied was found to be directly related
to their oil composition.

An increase in oil content was

paralleled by a higher oleic acid concentration, whereas a
decrease in oil content was accompanied by an increase in
polyunsaturated acids.
This study revealed wide genetic variability among
cultivars with respect to oil characteristics, therefore,
x

information regarding these characteristics should be of
considerable importance to the pecan researcher in making
quality evaluations for the cultivars.

Also, the magnitude

of diversity in fatty acid composition should permit the
development of new cultivars with more desirable levels of
unsaturation and improved stability characteristics.

xi

INTRODUCTION
The Food and Drug Administration
States Department of Agriculture

(USDA)

(FDA) and United
have demonstrated

interest in the pecan by publishing several articles in the
Federal Register

(1976) which affect the pecan industry.

In June 1976, the FDA proposed a set of good manufacturing
practices

(GMP's) which provide a mandate for producers of

tree nuts and peanuts.

Guidelines for the pecan industry

are inherent in these new recommendations.

The following

September, a revision of an earlier proposal for in-shell
pecan grades was adopted by the USDA.

These regulations

defined the pecan by grades, sizes, kernel colors as well
as giving tolerances and descriptions of these new classi
fications.

The appearance of this new legislation clearly

indicates the potential for expanded pecan research, an
area which has been accelerating during the last fifteen
years.
Pecan production is generally restricted to the
southeastern United States with pecans also being harvested
in Texas, Oklahoma and New Mexico.

According to the 1975

Economic Research Sarvice report by the USDA, pecan produc
tion in the U.S. totalled 246,800,000 pounds of nuts valued
at $92,000,000.

In this year Louisiana ranked third behind

Georgia and Texas in total production.

Louisiana produced

32,000,000 pounds of nuts worth almost $11,000,000.

These
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figures obviously demonstrate that the pecan industry is
very lucrative in Louisiana.
The pecan is one of the major horticultural crops
grown in Louisiana.

It is the most profitable in its class

which includes other nuts, fruits, and vegetables.
production in Louisiana, however,
operation.

Pecan

is a somewhat complex

For many years prior to the 1960's little or no

cultural care was taken of pecan orchards, since most
acreage was devoted to seedling or "wild" pecan production.
A great portion of the pecans came from scattered "home
orchards" located throughout the state.

During the 1960's,

extension personnel of the Louisiana State Agricultural Ex
periment Station set up educational programs through which
cultural recommendations were made for home and commercial
orchards concerning insect and disease control,

fertility

improvements, and sanitation programs.
In 1965 the Louisiana State University Horticulture
Department, through the cooperation of the Agricultural Re
search Service

(ARS) and the USDA, established pecan

(culti

var) variety trials at the LSU Ben-Hur Farm, Baton Rouge,
Louisiana, and Melrose Plantation, Melrose, Louisiana.

The

cultivars which included native seedlings of Louisiana and
clonal material produced from controlled crosses at the USDA
Pecan Field Station, Brownwood, Texas, were evaluated for
potential use in Louisiana.
Preliminary evaluations of this work were presented
in 1972 at a Louisiana Pecan Growers annual meeting.

A

review of the papers indicated that much research had been
directed toward cultural and management practices of pecan
orchards to improve pecan production and nut quality.

How

ever , no information was reported on the oil characteristics
of the cultivars in relation to nut quality.

For this rea

son, an investigation was undertaken to evaluate specific
fatty acid and tocopherol compositions among Louisiana cul
tivars used in the trial studies.

The plant geneticist,

horticulturist, and pecan researcher should derive useful
nutritive values from this information, and it should pro
vide a basis for stimulating the development of new culti
vars with better stability characteristics.

LITERATURE REVIEW
Tha promulgation of nutritional labeling by the
Federal Government

(Federal Register, March 1973) has accel-

erated the need for additional quantitative data on the nu
trient composition of foods.

In particular, assorted nuts

exhibit wide ranges in both tocopherol forms and fatty acid
compositions.

Species, genetic variation, degree of m a 

turity, and environmental conditions are the principal fac
tors which influence the diversity in lipid content of these
plant foods.
Species, Strain, Variety, and Lipid Content
Lipid content in assorted nuts is markedly influenced
by species, strain and variety.

The fatty acid composition

of some assorted nut species has been reported.
Lipid characteristics of sweet almonds were analyzed
by Subrahmanyam et al.

(1957).

Almond kernels contained ap

proximately 50% oil which had an average iodine value of
95.6.

The fatty acid composition of the oil was 0.2% myris-

tic acid, 8.9% palmitic acid, 4.0% stearic acid, 62.5% oleic
acid and 24.4% linoleic acid.
Knowles and Mutwakil

(1963)

found that safflower oil

varieties exhibited wide variations in the lipid content and
were characterized by a decrease in linoleic and increase in
oleic acids in the oils.
4
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Several workers, Karatha

(1963) and Mala et al.

(1975), have studied the distribution of lipids in cashew
nut components.

Maia et al.

(1975)

found that oleic and

linoleic acids occur in almost identical amounts in the
cashew testa, while oleic acid predominates in the cashew
kernel.
Oil characteristics of six Iranian walnut cultivars
were compared by Mehran

(1974).

The oil content of the nut

cultivars ranged from 28.8-39.4% and the iodine values from
123.8-140.3.

The fatty acid composition of the six walnut

oils ranged from 6.3-8.2% for palmitic acid, 0.8-2.2% for
stearic acid, 24.1-39.2% for oleic acid, 42.5-56.6% for
linoleic acid and 8.4-13*4% for linolenic acids.
Ten pistachio samples of various cultivars from
different climatic regions were chosen for analysis by
Kamangar et al.

(1975).

55-60% total oil.

Each 100-nut sample contained

Iodine values ranged from 98.1-100.5 and

showed little differences among samples.

The fatty acids

detected were myristic, trace; palmitic, 9.2-13.4%; stearic,
0.5-1.1%; arachidic, trace; palmitoleic, 0.5-1.0%; oleic,
56-64%, linoleic,

22.6-31%; and linolenic, 0.1-0.4%.

The effects of strain and seasonal variation on pea
nut characteristics were studied by Holley and Hammonds
(1968).

Strains which were higher in protein contained less

Oil, altholugh the relationship was not linear.

Peanut m a 

turity was positively correlated with oil percentage and
linoleic acid content and negatively correlated with keeping

6
tine.

A strong negative relationship existed between lino

leic acid and both keeping time and oleic acid content.
Oleic acid was positively correlated with keeping time.

Of

the strains analyzed, the Virginia spreading-type peanuts
tended to have more linoleic acid than the Spanish bunchty p e s .
Woodroof and Heaton
review of the oil content,

(1961) have made an extensive
iodine value, oleate and lino-

leate contents for 46 representative Georgia pecan culti
vars.

Monarch contained the lowest amount of oil

while Ideal contained the highest amount of oil

(53.2%),

(75.1%).

Likewise, iodine values varied among and within cultivars.
Ideal had the lowest iodine value

(90.2) or lowest degree

of unsaturation, while Mobile had the highest iodine value
(124.3) or highest degree of unsaturation.

Fourteen sam

ples of Moneymaker ranged from 93.8 to 119.4 in iodine
value.

Low storage temperatures were used to evaluate

pecan quality.

An increase in free fatty acids from 0.10%

to 0.62% occurred after 12 months at 0°F.

Both oleate and

linoleate contents varied significantly among and within
cultivars, and there appeared to be a highly negative rela
tionship between oleate and linoleate values among cultivars.
Using gas-liquid chromatography
violet spectroscopy

(UV), French

(GLC) and ultra

(1962) compared the fatty

acid composition of 12 Florida-grown pecan cultivars.

Seven

major fatty acids were identified as their methyl esters.
They were methyl palmitate, methyl palmitoleate, methyl

7
■tearate, methyl oleate, methyl linoleate, methyl linolenate and methyl arachidate.
Pyriadi and Mason (1968) examined the oil content,
fatty acid composition and tocopherol content of 34 Okla
homa pecan cultivars.

Analyses of pecan oils by GLC and

mass spectrometry revealed the presence of palmitic, stearic,
oleic,

linoleic, and linolenic acids.

ranged between 65.5 and 75.2%.

The oil content

Qualitative analyses of un-

saponifiable material indicated the presence of carotenoids,
alpha-tocopherol, beta or gamma-tocopherol and an unidenti
fied tocopherol-like compound.
The lipid composition of 6 newly-developed and stan
dard pecan cultivars was examined by Senter and Horvat
(1976).

Using thin-layer chromatographic

(TLC) and spectro-

densitometric techniques, six lipid classes of pecan oil
were separated, identified and quantitated as complex
lipids, monoglycerides, a, B-diglycerides, a,a*-diglycerides,
sterols and triglycerides.

Using a sophisticated open-

tubular GLC column with the dimensions 152.5 m X 0.0762 cm,
elaborate and detailed resolutions of fatty acids were
achieved.

A total of 10 fatty acids were identified as

their methyl esters.
methyl hexadecenoate

They were methyl hexadecanoate
(16:1), methyl heptadecanoate

(17:0),

(17:1), methyl octadecanoate

(18:0),

methyl heptadecenoate
methyl octadecenoate

(16:0),

(18:1), methyl octadecadienoate

methyl octadecatrienoate
and methyl eicosenoate

(18:3), methyl eicosanoate

(20:1).

(18:2),
(20:0)
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Assorted nuts, in contrast to the seeds of cereal
grains, generally have simpler tocopherol patterns and con
tain primarily saturated forms of tocopherols.
Lambertsen et al.
alpha-tocopherol

(a-T) and gamma-tocopherol

in a number of nuts.
of

(a-T).

(1962) examined the presence of
(y-T) isomers

Almonds and filberts were rich sources

Conversely,

(y-T) was the principal isomer in

walnuts, Brazil nuts, pecans, groundnuts, and chestnuts.
Coconuts were unusually poor sources of both isomers.
In reviewing natural tocopherols of foods and fats,
Slover

(1970)

found rapeseed and soybean oils rich in

gamma-tocopherol

(y-T) and delta-tocopherol

soybeans contain 25 times the amount of
oil was high in

(a-T) and

(6-T).

mately the same proportions of
richest source of

(6-T).

peanut and pecan oil was
times the amount of

(5-T), although

(6-T).

Safflower

Walnuts contained approxi

(a-T) and

(y-T) and were the

The principal tocopherol in both
(y-T), and it was approximately 20

(a-T) in pecans.

Genetic Variation and Lipid Content
Genetic manipulations in plant breeding have pro
duced wide variations in lipid content.
reviewed by Knowles

This subject was

(1972) at a symposium which focused on

variations in plant genotypes and the geneticist's role in
altering the lipid content in plants.

Sharp increases in

the use of assorted vegetable oils in prepared foods have
promoted expanded research on their nutritional significance

due to dietary increases in the food supply.

Tallent

(1975)

reviewed this subject at a symposium dealing with new
highly saturated oil species.
Knowles

(1969) reported on high oleic acid

(80%)

contents of safflower oil produced commercially through
genetic alteration.
Downey

(1971) has reviewed the variations in lipid

content which occur in some rapeseed varieties.

The most

pronounced effect due to genetic variation was an absence
of erucic acid.
Variability in both major and minor fatty acid com
ponents of 82 peanut genotypes was investigated by Worthing
ton et al.

(1972).

Differences in fatty acid composition

among genotypes were quite large.

The ranges in fatty

acid composition of oil among genotypes were as follows:
palmitic, 7.4-12.9%; stearic,

1.6-5.3%; oleic,

linoleic, 14.1-40.3%; arachidic,
0.6-2.0%; behenic,

35.7-68.5%;

0.9-2.2%; eicosenoic,

1.3-5.1%; and lignoceric 0.6-2.0%.

it should be expected that tocopherol contents of
botanical varieties of genotypes of the same plant source
would vary due to changes in lipid composition.

Although

this has not been extensively investigated. Strum et al.
(1966) have reported the tocopherol content in seed oil from
17 individual peanut varieties.

Using three genotypes,

Spanish, Virginia, and Runner, the tocopherol isomers
(y-T), and (6-T) were individually isolated.

(a-T),

Differences

were found both among genotypes and among varieties of the
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same genotype.

Spanish varieties were lowest in y-T

(108 y g / g ) , while the Runner varieties contained the rich
est sources for all three tocopherol forms

(a-T, 166 yg/g;

y-T, 249 yg/g; and 6-T, 15 yg/g).
Wilson et al.

(1976) crossed experimental lines of

soybeans to obtain lower linolenic acid concentrations by
selection for high oleic acid values in the oil.
et al.

Chapman

(1976) found that environment affected oil, protein,

fatty acid composition and lipoxygenase activity in soy
beans.

These differences were genetically controlled,

therefore, soybean genotypes could be selected for specific
climatic regions based on oil, fatty acid and lipoxygenase
compositions.
Maturity and Lipid Content
Conspicuous changes in lipid content occur with the
degree of ripeness or maturity of the plant.
Both the lipid content and fatty acid composition
of soybeans increased during maturation.

Privett et al.

(1973) have found that the percentage of saturated fatty
acids decreased rapidly in the early stages of bean develop
ment.

Conversely, the percentages of oleic and linoleic

acids increased as the bean matured.

Linolenic acid in

creased rapidly to a maximum concentration in the early
stages of development and then decreased as the bean matured.
It has been determined that maximum activity occurs in seed
development 60 days after fertilization.

IX
Although the relative proportions of soybean com
ponents have been synthesized by this time, Rubel et al.
(1972) found that absolute amounts of fatty acids increased
rapidly after 60 days.

During the next 25-day period, 70%

of the total oil, palmitic, oleic, and linoleic acids,

65%

of the total stearic, and 50% of the total linolenic acids
were synthesized.
Miric and Damanski

(1965) observed changes in the

fatty acid composition of the walnut during maturation.
Palmitic acid

(35%) and linolenic acid

(14%) levels were

high during the early stages of development but at maturity
had decreased to
content.

(14%) and

(2%) of the total fatty acid

Conversely, oleic and linoleic acids increased

by 6% and 28%, respectively.
Increases in the lipid content of maturing peanuts
were observed by Young et al.

(1972).

Results indicated

that most mature peanuts were higher in stearic and oleic
acids and lower in the polyunsaturated acids.
Variation in the fatty acid composition of 70
varieties of pecans during maturation was studied by
Rudolph

(1970).

Early periods of oil synthesis were char

acterized by sharp declines in the saturated acids, pal
mitic and stearic, paralleled by steady increases in oleic
and linoleic acids.

Rapid oil synthesis took place approxi

mately 4-8 weeks before maturity.

Enzymes for monodesatura

tion of oleic acid were apparently very active at this time
since oleic acid increases were coincidental with periods
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of rapid oil syntheses.

Several weeks before maturity the

concentration of oleic acid reached a maximum and desatura
tion of the fatty acids occurred.

There was a sharp rise

in the linoleic acid concentration probably at the expense
of oleic acid.
by Woodroof

This evidence is contrary to that reported

(1961) and Heaton

(1966) who indicated that the

nut becomes steadily more saturated during maturation.
Rudolph

(1970) also reported on tocopherol varia

tion during maturation studies.

Gamma tocopherol concen

tration was quite variable as some nuts had as much as
600 yg/g of oil 6 weeks before maturity.

This concentra

tion was reduced to 100-300 yg/g of oil at maturity.
Environmental Conditions and Lipid Content
The effect of growing temperature on lipid content
of oilseeds has been studied by Hilditch

(1956).

In ana

lyzing seed oils grown under different climatic conditions
due to different geographical locations, he found that
colder climates tended to produce more highly unsaturated
oils than warmer climates.

This generalization suffers in

that no thought was given to the possible effects of altered
photoperiods in different geographical locations on compo
sition.
The effects of temperature on flax, rape, sunflower,
safflower, and castor bean oil compositions grown under con
stant photoperiods have been examined by Canvin

(1965).

He

found that the oil of sunflower, safflower, and castor bean
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was not affected by the temperature range

(10-26.5*0).

The

highest oil content in rape and flax was found at the low
est temperature

(10*0) and a continual decrease was ob

served with increases in temperature.

The fatty acid com

position of the oil of castor bean and safflower was not
affected by a change in tenperature.
3 species, sunflower,

However, in the other

flax, and rape, the amount of more

highly unsaturated fatty acids

(linoleic, linolenic, and

erucic of rape) decreased as the temperature was increased.
This was accompanied by an increase in oleic acid.
levels of the saturated acids

The

(palmitic and stearic)

in all

species were not affected by a change in temperature.
Woodroof and Heaton

(1961) found that the size of

the crop and soil type affect the degree of filling, oil
content, iodine value, oleic and linoleic acid content of
pecans.

Huts from trees with lighter crops tended to be

larger, better filled, and contained oil with more satu
rated acids.
Heaton et al.

(1975) have recently studied the in

teractions of cultivar, year, and harvest date on pecan oil
characteristics.

All 3 cultivars studied were unusually

high in oil content,
and mature.

indicating the nuts were well filled

Significant differences in oil content and

fatty acid composition were found among the cultivars most
likely due to genetic variation.

Differences in oil con

tent and fatty acid composition among the six harvest dates
were not significant when combined over the 3-year study

period.

This indicated that physiological maturity had

been attained by the first harvest date.

Significant dif

ferences in oil content and fatty acid composition among
the 3 years were associated with variations in seasonal
climatic conditions.

Oleic and linoleic acids were found

to be inversely proportional and had widely different pat
terns among the 3 cultivars.
Lipid Extraction and Methodology
The method of lipid extraction directly governs the
amount and kinds of extracted lipids in the final analyzed
composition of foods.

Solvents and solvent mixtures are

chosen based upon their efficiency in removing lipids from
foodstuffs.

These extractants will vary depending upon the

type of foods and amount and distribution of lipids in the
food.

The choice between using an apolar solvent alone and

an apolar plus polar solvent mixture is generally based
upon the percentage polar lipid content of the food.
Apolar solvents such as hexane, petroleum and di
ethyl ethers have been used for removing lipids from dried
materials of high fat content.

The AOAC

(1970) utilized a

continuous extraction crude ether extract method which in
volved extracting a dried sample 4 hr or longer with anhy
drous ethyl ether in a Goldfisch apparatus.

The percentage

lipid was then calculated on a weight basis.
Using exhaustive extraction with petroleum ether
and pumice, Troeng

(1955) yielded a 99% lipid recovery

from dried materials.
Appelqvist

(1968) used the non-selectivity of hex

ane to extract seed lipids.

He justified its use by noting

that triglycerides constituted over 95% of the total lipid
weight and were specifically located in the fat globule of
the cotyledon of the seeds.

In using more polar solvents

to extract the bound lipids, he found the extract was com
posed of non-lipid contaminants which interfered with his
analyses.
The lipid content of corn endosperm and germ as in
fluenced by different extraction procedures was studied by
Jellum (1971).

The extractions used were

(1) soxhlet e x 

traction with petroleum ether followed by acid hydrolysis,
(2) chloroform-methanol

(1;1 v/v) extraction,

petroleum ether extraction.

(3) soxhlet

The oil recovered from the

endosperm by the different extraction procedures was sig
nificantly different in fatty acid composition whereas the
oil recovered from the germ was similar in fatty acid com
position.

The results indicated that the endosperm of corn

which is composed of more complex lipids is quite dependent
upon the extraction method.

In contrast, the germ oil

which is composed principally of triglycerides is little
affected by the extraction method.
Extraction procedures were evaluated by Sheppard et
al.

(1974)

for their effectiveness in extracting total

lipids, fatty acids, and triglycerides.

A 4N HC1 digest

followed by ethyl ether extraction was the most efficient
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method in extracting all components from a variety of meat
pies.

Preliminary acid hydrolysis proved essential for

removing tightly bound polar lipids from cell membranes.
Solvent mixtures of varying polarity have been em
ployed to extract lipids.

Folch et al.

a mixture of chloroform and methanol
extraction of animal tissue.

(1957) introduced

(2:1 v/v)

for lipid

Non-lipid impurities were re

moved from the system by partitioning with one-fifth the
total volume in water or dilute salt solution.

A lipid

recovery of greater than 95% was reported.
Zimmerman and Klosterman
methanol

(1965) used a chloroform-

(2:1 v/v) mixture to extract the lipids from ger

minating flaxseed.

In all stages of development trigly

ceride was the predominant lipid class.
Flora and Wiley

(1972) used the Folch method to

extract the oil from mutant genotypes of corn.

This ex

traction procedure was chosen over the AOAC hot ether ex
traction method because of its brevity and efficiency in
removing material from corn tissue.
Using smaller volumes of the same solvents
form and methanol) , Bligh and Dyer
tracted lipids from codfish.

(chloro

(1959) successively ex

Water already present in the

sample was taken into account when increasing the water
volume in the washing step.

This method called for a mix

ture of chloroform-methanol-water

(1:2:0.8 v / v / v ) .

It was

reported comparable to the Folch method by removing 94.5% of
the lipid.

Price and Parsons

(1974)

found the method of Bligh

and Dyer more favorable than the Folch procedure in extract
ing the lipids from barley varieties.
Mala et al.

(1976)

reported the Bligh and Dyer

method superior to the other extraction methods in removing
lipids from cashew nuts.

The method was especially effec

tive in the extraction of phospholipids.
Several other solvent mixtures have been employed
for the extraction of lipids from specialized tissues.
McKillican and Sims

(1964)

found that cereals con

tained relatively low amounts of lipids, some of which were
bound as lipoproteins or complexed with starch.

Apolar

solvents such as hexane and the ethers were inadequate for
complete extraction.

A more polar extractant such as water-

saturated butanol was required for quantitative extraction
of the intact lipid.
In comparing apolar and polar systems, Jacks et al.
(1970) demonstrated that the addition of 2% water to a
hexane-acetone

(31x20 v/v) extractant achieved a greater

(6%) yield of lipids from cottonseed tissue, however, more
polar system chloroformxmethanol:water extracted 9% more
lipid than the apolar system.
Tocopherol Quantitation and Methodology
Tocopherols are lipid soluble compounds derived
principally from plant sources.

Naturally occurring toco

pherols are concentrated in the fat globule of seeds either
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in the eeterlfied form or as free alcohols.

A number of

methods have been reported for their separation and estima
tion.

Generally they have involved solvent extraction,

saponification of the extract, separation of the tocopherol
isomers by column, paper, or thin-layer chromatography, and
quantitative estimation of individual components by spectrophotometric or gas-liquid chromatographic techniques.
Various lipid solvents

(hexane, petroleum and ethyl

ether) have been used in the preliminary extraction of these
fatty substances.

The concentration of alkali has varied in

the saponification step.

Tocopherols are extremely sensi

tive to degradation in the presence of hot alkali, and for
this reason, most authors have advocated the use of an anti
oxidant to prevent oxidation of the tocopherols.

Some com

mon ones have been pyrogallol, hydroquinone, and ascorbic
acid, the latter one recommended by the AOAC

(1975).

Probably the simplest and most reproducible assay
for the quantitation of tocopherol is based on the method
by Emmerie and Engel
of Fe

+3

ions to Fe

+2

(1938) .

This involves the reduction

ions by tocopherol enabling a red salt

complex to be formed with

2

,2 * dipyridyl, the intensity of

which can be measured colorimetrically.

This colorimetric

determination, although proven, suffers from the fact that
other reducing substances give the same reaction in the
presence of ferric chloride and
Weisler et al.

2

,2 * dipyridyl.

(1947) realized the lack of speci

ficity of the Emmerie-Engel reaction for tocopherols.

They
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described a method of quantitation for mixtures containing
individual tocopherols.

The procedure depended upon a

coupling reaction between y and

6

tocopherols and diazotized

dianisidine in aqueous sodium carbonate or potassium hydrox
ide solutions to produce red colors, the intensities of
which could be measured spectrophotometrieslly.

Alpha and

beta tocopherols did not couple with the diazotized dianisi
dine reagent and could be determined by difference.
Quaife and Harris

(1948)

found aqueous sodium car

bonate solutions unsatisfactory as a coupling medium, par
ticularly for the low y and 6 tocopherol levels.

Fat pre

cipitation occurred on addition of sodium carbonate and
color was repressed in the presence of small quantities of
fat (10 m g ) .

Conversely, as much as 100 mg fat could be

added to 30 pg y tocopherol without affecting the color
reaction when potassium hydroxide was used as the coupling
medium.
The separation of y tocopherol from cottonseed uti
lizing a molecular distillation procedure has been described
by Deacon and Wamble

(1954).

Although separation was ex

haustive, the method called for elaborate equipment and was
laborious.
Bro-Rasmussen and Hjarde
6

(1957) separated a, 8, y *

tocopherols from seed oils by chromatography on magnesium

hydrogen phosphate.

They found that y and

6

tocopherols

were eluted in a fraction containing 4% ethyl ether in pe
troleum ether.
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Lambertsen and Braekkan

(1959) Improved these sepa

rations using an alumina column with subsequent partition
ing of the individual components by paper chromatography.
The a and y tocopherols of a variety of nuts were
separated and estimated by thin-layer chromatography
bertsen et a l . , 1962).
the mobile phase
Stowe

1 0

(Lam

The adsorbent was silica gel G and

% ethyl ether in hexane.

(1963) was successful in separating synthetic

6 and y tocopherol standard mixtures using one-dimensional
ascending TLC.

The stationary phase was kieselgel G and

the mobile phase a mixture of petroleum ether, isopropyl
ether, acetone, ethyl ether, acetic acid
v/v/v/v/v,

(85:12:4:1:1

respectively).

Herting and Drury

(1967) compared the separations

and resolutions of a tocopherol on pre-coated alumina Chro
matogram sheets, glass TLC plates, and magnesium hydrogen
phosphate chromatography.

Alpha tocopherol resolutions

were superior on the pre-coated alumina Chromatogram sheets
and less favorable on the other two supports.
Improvements in the methods of quantitation of to
copherols have been demonstrated by other authors.

Tsen

(1961) developed an improved spectrophotometric method for
the determination of

(a-T) by using bathophenanthroline in

place of 2,2'dipyridyl reagent.

Results indicated that the

bathophenanthroline was more sensitive and the rate of color
development increased.

The reaction was made photochemi-

cally stable by complexing Fe

+2

ions with orthophosphoric

acid.
Dilley and Crane

(1963) developed a method by which

(a-T) is oxidized to tocopheryl-quinone by gold chloride.
The quinone form is spectrophotometrically assayed by read
ing the drop in abosrbance upon reduction by added boroh y d r i d e.
Strohecker and Henning

(1966) have recoranended the

use of antimony pentachloride as a colorimetric spray re
agent to distinguish between tocopherol forms.
A method for the separation and quantitation of
both tocopherols and tocotrienols in oils has recently been
described by Miilot-Muller (1976).

In the procedure oils

are first frozen in a dry-ice acetone mixture to - 8 0 °C, and
the filtered extract is streaked on silica gel TLC plates.
Using a hexane-ethyl acetate

(92.5:7.5 v/v) solvent system,

seven of the eight tocopherol homologues have been sepa
rated and identified.

This method was effective in sepa

rating the difficult positional isomers

(y-T) and

(B-T),

and since the saponification step was eliminated, the re
lated tocotrienols could be isolated.
Nelson and Milun
Van Nieberk

(1968), Slover et al.

(1969), and

(1973) have described the separation and quanti

tation of individual tocopherols from plant sources using
GLC.

After preliminary extraction and saponification, the

tocopherols were partially purified by TLC, then derivatized
to a more volatile form, ethers, and identified by comparing
their retention characteristics to that of synthetic
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standards.
Esteriflcation Procedures and Methodology
Many lipids are either too polar or of too high
molecular weight to be subjected to adequate chromato
graphic procedures.

Therefore, it is often feasible to

convert them to volatile derivatives which are more non
polar and/or hydrolyze them to obtain lower molecular
weight components.
In order to analyze the fatty acid composition of a
lipid by gas-liquid chromatography, it is necessary to pre
pare the comparatively volatile methyl ester derivatives of
the fatty acid components.

There is no need to hydrolyze

lipids to obtain free fatty acids before preparing the
esters as most lipids can be transesterified directly.
A review of the literature on esterification metho
dology has made it readily apparent that no single reagent
will suffice for all purposes, and there is no one method
of esterification that is ideal.
Free fatty acids can be esterified and compound
lipids transesterified by heating them with a large excess
of anhydrous methanol in the presence of an acid catalyst.
Stoffel et al.

(1959) reported the development of a

HC1-methanol procedure to prepare methyl esters for gasliquid chromatography

(GLC).

The micromethod involved

interesterification with 5% anhydrous hydrogen chloride in
methanol followed by sublimation of the prepared methyl
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•stars for GLC analysis.

The method proved simple, rapid,

and quantitative, and eliminated structural changes in
double bonds associated with alkali and diazomethanolysis.
A rapid and quantitative HjSO^-methanol

technique

for preparing methyl esters was described by Rogozinski
(1964).

A small quantity of sample was placed in a glass-

stoppered test tube and excess methanol was added.

Dilute

H 2 SO 4 was added dropwise and the tube was sealed and brought
to a boil.

After cooling, the esters were extracted with

he x a n e .
Firestone et al.

(1965) examined the non-conjugated

double bonds in the trans configuration in long chain tri
glycerides and acids.

The H^SO^-methanol procedure was

used to prepare all methyl esters prior to infrared analy
sis.

Collaborative studies indicated that this esterifica

tion procedure was quantitative and had little or no effect
on the hydroxyl or trans content.

This t^SO^-methanol

method was later adopted by the AOAC
Boron-trifluoride in methanol

(1965).
(12-14% w/v) has been

used as a transesterification catalyst by Metcalfe and
Schmitz

(1961).

Free fatty acids were boiled in an excess

of boron-trifluoride

(BF^) in methanol reagent for

2

min

after which the methyl esters were extracted with petroleum
ether for GLC analysis.

The results obtained with BF^-

methanol were in good agreement with identical samples pre
pared by HCl-methanol and diazomethane procedures.
et al.

Metcalfe

(1966) incorporated a rapid saponification step into
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the BPj-methanol method which quantitatively converted fatty
acids to methyl esters in 10 min.
the Metcalfe-revised procedure

The AOAC

(1970) adopted

(1966) to replace the HjSO^-

methanol procedure.
Compound lipids can be transesterified very rapidly
in anhydrous methanol in the presence of a basic catalyst,
however,

free fatty acids are not esterified.
Bouttcher et al.

(1959) used an ethanolic KOH sa

ponification followed by HCl-methanol esterification pro
cedure to study the fatty acids from human arteries and
other tissues by GLC.

Various alkali concentrations, re-

fluxing times, and methylation procedures were tested.
Normalities of KOH above 0.5N and refluxing times longer
than 60 min caused losses in unsaturated acids.

Addition

of an antioxidant, hydroquinone, was necessary to prevent
oxidation of the unsaturated acids during saponification.
The preferred procedure for methylation was the addition of
anhydrous 0.06N HCl-methanol followed by the refluxing for
30 min.
A rapid and quantitative procedure for the prepara
tion of fatty acid methyl esters from fats containing both
high and low molecular weight fatty acids was developed by
Luddy et al.

(1959).

Sample sizes ranged from 1-30 mg and

potassium methylate was used as the catalyst.

To an ex

tracted oil sample 0.25 ml of 0.4N potassium methylate in
anhydrous methanol was added.

The mixture was shaken in a

water bath at 6 5 ®C for approximately 2 min.

After cooling,
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a 50:50 v/v mixture of silica gel and calcium chloride was
added and mixed.

The esters were extracted in carbon d i 

sulfide and aliquots were injected directly into the GLC.
Two other methylation procedures have been reported
which appear to be effective for esterifying fatty acids.
They have not been used extensively due to certain reported
d isadvantages.
A micromethod for the preparation of FAME by reac
tion with diazomethane has been described by Schlenk and
Gellerman

(1960).

Esterification was complete 10 min after

gaseous diazomethane was introduced into a solution of the
acids in ether which contained 10% methanol.

Too high con

centrations of ether tended to reduce reaction efficiency
and produced side products.

Although diazomethane is a

mild agent of methylation, its explosive, toxic, and un
stable properties have discouraged its use.
Mason and Waller

(1964) have described a procedure

for transesterification of fats and oils using
propane

(DMP) as the catalyst.

2 ' 2

dimethoxy-

The reaction is complete and

eliminates the use of elevated temperatures.

The reaction

mixture consists of dried benzene, DMP, a neutralizing agent,
and the sample.

The solution is swirled and allowed to stand

at room temperature before aliquots are directly injected
into the GLC.

Although the reaction is said to be quantita

tive, a comparison of coefficients of variation for fatty
acid esters in coconut oil reveal a low of

1

.6 % for methyl

oleate to a high of 24.2% for methyl palmitate.
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Gas-Liquid Chromatography and Methodology
Gas-liquid chromatography

(GLC) has become an e x 

tremely powerful tool for the determination of fatty acid
ester composition in lipid samples.
The liquid phase used in preparing a gas chromato
graphic column material is the most important factor in de
termining the kinds of separations to be achieved and de
gree of resolution attained.

Limitations in liquid phase

performance exist due to inherent chemical and physical
characteristics.

No single liquid phase has yet been de

veloped to meet every need in the analysis of fatty acids.
For this reason, it is customary to use both polar and non
polar liquid phases in fatty acid ester analyses in order
to separate specific overlaps involving unsaturated esters.
Non-polar hydrocarbon greases such as the Apiezons
were first employed in the chromatography of fatty acid
esters.

Their popularity has been due to a high degree of

thermal stability
umn support.

(300°C)

and slow bleed rate off the col

They are particularly useful in examining

long-chained unsaturated esters C 2 2 ~ C 3 A which require high
temperatures for separation.

These non-polar phases are

able to separate positional and geometric isomers of un
saturated esters.

The principal disadvantages of the Apie-

zon phases have been relatively long retention times for
higher molecular compounds and their inability to separate
unsaturated acids containing two and three double bonds
leic and linolenic) which appear as one peak.

(lino
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Polar phases, of which polyesters such as DEGS, EGS,
BOS, and OEGA are the most common, have become popular for
fatty acid ester analysis.

They shorten GLC analysis times

and still give fairly complete resolution of both saturated
and unsaturated esters.

However,

for many compounds, polar

phases cannot be used due to high temperatures necessary
for analysis.

There are several disadvantages of using

polar phases.

Polyesters generally contain material of a

wide range of molecular weight some of which is volatile.
If polyester columns are not conditioned properly, this
substance will gradually volatilize from the detector.

An

other drawback is a possible transesterification reaction
between the volatile components and non-volatile polyester
phase.

This results in the formation of artifacts which

interfere with the esters eluting from the chromatographic
column.
James and Martin

(1956) were the first researchers

to introduce Apiezon hydrocarbon greases as stationary
liquid phases in the separation of fatty acid esters.

In

addition to separating saturated and unsaturated esters of
C 10"C 18 acidfl' they identified the presence of both acids
in some natural products.
Using a highly sophisticated capillary column coated
with Apiezon L, Lipsky et al.

(1959) were able to effec

tively separate biological mixtures containing long-chained
saturated, branched-chain, and unsaturated acids.

The reso

lution of certain cis-trans isomers, methyl oleate and methyl
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elaidate, waa also accomplished.

These studies on fatty

acid composition of complex lipid mixtures indicated that
specific liquid phases and column dimensions were essential
to adequately resolve fatty acid esters.
Four geometric isomers of methyl linoleate were
identified by Litchfield et al.
methods.

(1962) using capillary GLC

Using a polar DEGS and non-polar Apiezon L column

for confirmation, methyl cis-cis linoleate, methyl cis-trans
linoleate, methyl trans-cia linoleate, and methyl transtrans linoleate isomers were identified.
Gruger et al.

(1964) demonstrated the ability of

Apiezon L columns to detect long-chain fatty acid esters in
marine lipids.

The superior thermal stability of Apiezon L

over the polyesters DEGS and BDS columns enabled the separa
tion of C 2 2 **C 2

4

*

Both DEGS and Apiezon L columns were used by Hofstetter et al.

(1965) in the determination of equivalent

chain length (ECL) values for 79 fatty acid methyl esters.
The ECL or "carbon no." of unsaturated acids was influenced
by structure, position, and number of double bonds in the
acid.

Distinctive characteristics for ECL values were o b 

served on both columns.

The unsaturated fatty acid eluted

before the saturated parent compound of the same series on
the non-polar Apiezon L column, and the ECL value was a
function of the number and placement of double bonds in the
acid.

Conversely, the unsaturated fatty acid esters fol

lowed that of the saturated parent homologue on the polar
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DEGS column, and the ECL value wae only influenced by the
carbon chain length of the acid.
Many natural lipide contain positionally isomeric
unsaturated compounds which are either partially or com
pletely resolved by GLC.

With the advent of open tubular

gas chromatography, it has become possible to increase the
resolution of such compounds.
Krupcik

(1972) and Hrivnak

(1973) have studied the

influence of temperature on the separation of fatty acid
esters by open tubular gas chromatography.
ary phases were used in each study:
polar DEGS and BDS columns.
mers, methyl oleate

Three station

non-polar Apiezon L and

Separations of cls-trans iso

(els 18:1 A 9) and methyl elaidate

18:1 A 9), were better at lower temperatures

(trans

(180-210°C) on

Apiezon L columns with methyl oleate eluting before methyl
elaidate, however, in the analysis of biological fatty acid
mixtures the positional isomers could not be separated.
the temperature was increased
umns

As

(150-180°C) on polyester col

(DEGS and B D S ) , the separations were poorer, but it

was possible to separate positional isomers from complex
biological samples.
Conventional polyester phases such as DEGS and BDS
have recently been overshadowed by the introduction of a new
siloxane liquid phase.

This phase has a higher degree of

polarity and is more thermally stable than the polyesters.
The phase, called Silar 5 C P , has the ability to separate
fatty acid esters in the range of C 2 Q in shorter analysis

time*

(Anon, 1972).
Ackman and Hooper

(1974) used BDS, Silar 5 C P , and

Apiezon L stationary phases to determine the behavior of
geometric isomers of unsaturated esters, specifically the
C 18 9 r o u P*

T^e cis-parent triethylenic

(linolenic)

acid

derived from vegetable oil was partially converted to its
mono and diethylenic geometric isomers by high temperature
deodorization.

These isomeric forms were separated and

identified as artifacts.

By comparing the elution times of

these artifacts on two different polarity columns, Silar
5CP and BDS, it was possible to identify the cis-trans
isomers by differences in peak shifts.

Apiezon h was not

effective in separating these artifacts due to inherent
overlapping among components of varying degrees of unsatu
ration.
A more polar and thermally stable siloxane phase,
Silar IOC, has now been introduced which has better separa
tion characteristics them the Silar 5CP

(Anon, 1973).

Resolution characteristics of Silar IOC were compared with
the DEGS and EGSS-X polyesters.

All phases were comparable

in separation of fatty acid esters, and in addition,

Silar

IOC was able to separate cis-trans isomers of unsaturated
esters utilizing shorter column dimensions at lower tem
peratures.

Previously, this could not be demonstrated on

the polyesters.
Myher et al.

(1974) have used the Silar IOC phase
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in the analysis of fatty acid esters from complex biologi
cal samples.

In their study, Silar IOC was evaluated with

Silar 5CP and EGSS-X in the resolution of fatty acid ester
mixtures.

Silar IOC was found comparable to the others in

resolution of the esters and was the only phase which was
able to separate cis-trans isomers.
Hawkes

(1975) has reviewed preferred phases for GLC

and selected Silar IOC as being a good choice for fatty acid
ester analyses where thermal stability, positional structure,
and increased resolution is desired.
Recently

(Anon, 1976), Silar IOC has demonstrated

its superiority in low bleed effects when using higher tem
peratures to resolve C 20”C 24 unsaturates-

has ais° proven

better them the polyesters at maintaining base lines at
higher temperatures.

METHODS A N D MATERIALS
METHODS
Collection of Pecans
Pecans used in this study were hand-harvested at
maturity from the LSU Ben-Hur Horticultural farm during the
month of November 1975.

Five-pound samples of ten distinct

pecan cultivars were gathered in order to measure the
quality characteristics of the extracted pecan oil.

There

was no selection of the pecans within a cultivar with re
spect to the geographical positioning of the trees and no
attempt was made to select the pecans based on their rela
tive position on the tree.
The pecans, representing the cultivars Barton,
Abel, Candy, Elliot, Davis, Stuart, Desirable, Shoshoni,
J. Wright, and USDA 2450 respectively, were deposited into
accurately labeled brown Kraft paper bags.

The bags were

transported to the LSU Horticulture Department where they
were held for 3-5 days in a 7 2 °F curing room.
Cracking and Segregation of Pecans
In-shelled pecans were cracked and whole pecan
halves were segregated by cultivar.

This "cracking" process

was performed by an automatic pecan cracker equipped with a
one-third horsepower motor and adjustable screw for the
32
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different pecan sizes.

Using a receiving hopper to feed

them, the pecans were momentarily positioned lengthwise
before being struck by a plunger.

The cracked pecans then

dropped onto a classifying screen where the shells, pieces,
pecan halves, and partially shelled pecans were segregated
by size.

The mesh of the screen was such that shells and

pieces fell into a trough beneath the screen while whole
halves and partially shelled pecans remained on top of the
screen.
All whole pecan halves were gathered from the
classifying screen and placed in newly marked brown Kraft
paper bags.

Partially shelled pecans were hand-picked to

free the loose shells from the halves and then placed in
the bags.

Approximately 2 pounds of pecan nutmeats of

each cultivar were realized after the cracking and segre
gating operations.
Drying of Pecan Nutmeat Halves
In order to maintain quality of pecan halves, the
moisture content must be reduced to 4% or lower as rapidly
as possible after shelling.

In commercial operations the

pecan halves are subjected to rapidly circulating warm air.
The temperature and relative humidity must be maintained
at less than 30°C and 40% R.H., respectively, to preserve
the quality characteristics of the pecan.

In this study,

pecan halves were taken by cultivars and distributed into
tared perforated aluminum pans

(10" x 6.75" x 1.25")

in
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layers 1-2 halves deep.

An initial weight was recorded to

the nearest 0.1 g on each pan and its contents.

A total of

six pans was then placed at random on 3 tray racks in a
Precision Scientific forced air circulating oven
No. 625).

(Model

Warmed air moved horizontally across the halves

producing a uniform temperature of 28±2*C.

The shutter

which controlled air velocity was opened to a capacity producing 250 ft /min of warm circulating air.

The halves

were dried at a relative humidity of 20% for 24 hr.

Air

dried weights for each cultivar were recorded.
Freezing of Pecan Nutmeat Halves
Freezing of pecan halves has proven to be an excel
lent means of retaining their quality for long periods of
time.

To prevent a decrease in oil quality characteristics,

all pecan halves were packed under nitrogen in screw-cap
amber bottles.

The bottles were clearly marked by cultivar

and stored at -20*0 in a food freezer in the LSU Food
Science Department until they could be utilized.
Moisture Determination of Pecan Nutmeats
Samples for oil analyses were chosen at random from
within each of the

1 0

pecan cultivars which had initially

been air dried and stored under nitrogen in a food freezer
at -20*0 for approximately 9 months.

The bottles of pecan

halves were removed from frozen storage and allowed to
equilibrate at ambient temperature.

Duplicate 50-g sub

samples were weighed out for total moisture determinations.

35
Using a dissecting scalpel a longitudinal incision
was made from the apex to the base of each whole pecan half
within each 50-g subsample.

These quarter-nut portions

were further divided into 2 groups designated replicate I
and replicate IX.

Each replicate was then coimninuted into

finer pieces which were placed in tared aluminum dishes.
An initial weight was recorded and the dishes and contents
were placed in a Scientific Forma-Vac vacuum oven.

Main

taining a temperature of 25*C and a vacuum of 28 inches,
the samples were dried to a constant weight

(±0.1 g ) .

The

total moisture content from moisture loss on air-drying and
vacuum drying was then calculated by the formula taken from
Triebold and Aurand

(1969).
„ _ . . (100 - A) B

x A — nre—
where

X * Percent
A “ Percent
B * Percent

of total moisture in the fresh pecan
moisture loss in air-dried pecan half
moisture in air-dried pecan half

Oil Determination of Pecan Nutmeats
by Goldfisch Extraction
The oil content by weight was determined for each
cultivar as prescribed by AOAC
cate

2

(1970) methodology.

Tripli

-g comminuted nut portions were chosen at random from

each replicate of one of the 50-g cultivar subsamples.
Using a mortar and pestle, the nut pieces were ground into
a powder form using sand as an abrasive.

The nut and sand

mixture was quantitatively transferred into a cellulose ex
traction thimble.

A Goldfisch apparatus was then used for
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the oil extraction.

The thimble was placed in an extrac

tion chamber which was attached to a water-cooled condenser.
A tared ground glass beaker filled with approximately 50 ml
anhydrous ethyl ether was inserted beneath the extraction
chamber.

A heat source was applied.

Extraction proceeded

for 16 hr during which time the solvent was vaporized,
liquefied in the condenser, and then passed through the
cellulose thimble carrying with it any extractable material
back into the beaker.

After the extraction period the

ether was reclaimed using a reclaiming tube, and the beaker
was cooled in a desiccator and reweighed.

The difference

in the beaker weighings before and after extraction equalled
the amount of oil present in the sample.
Oil Determination of Pecan Nutmeats
by Petroleum Ether Extraction
The oil content by weight was determined for each
cultivar by exhaustive extraction of a 50-g subsample with
petroleum ether.

Twenty-five grams of each replicate were

weighed into a 250-ml ”VirtisM homogenizing flask with 10 g
sodium sulfate and 10 g celite.

One hundred milliliters of

re-distilled petroleum ether was added to the flask.

The

flask was attached to the four-bladed shaft of the Virtis
base, positioned in a Lucite cooling cup and packed with
crushed ice.
5 min.

The mixture was blended at a high speed for

The contents were transferred to a Buchner funnel

lined with petroleum ether-rinsed Whatman No. 1 filter
paper.

A vacuum was applied and the dissolved oil filtered
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into a 500-ml receiving flask.

The residue and filter

paper were re-extracted with 50 ml petroleum ether and fil
tered again.

The combined extracts were quantitatively

transferred to a tared 500-ml boiling flask.
were quantitative.

All transfers

The flask was attached to a Rinco ro

tating evaporator and placed in a 60*C water bath.

The ex

tract was evaporated under vacuum to a constant weight.
The flask and its contents were cooled in a desiccator and
reweighed.

The difference in flask weighings before and

after extraction equalled the amount of oil in the 25-g
sample.

The oil was transferred to small screw-cap bottles.

The contents were flushed with nitrogen and stored at 0*C
in a food freezer.

This oil would be utilized in determin

ing oil characteristics of the pecan cultivars.
Free Fatty Acid Values of Pecan Oils
The effects of freezing on the chemical stability
of each of the 10 pecan cultivars was determined.

Repli

cates for each cultivar were removed from the freezer and
brought to room temperature.

Triplicate 1-g portions of

each replicate oil were weighed into 250-ml wide-mouth
Erlenmeyer flasks.

Thirty milliliters of previously neu

tralized 95% ethanol and 1 ml of phenolphthalein indicator
were pipetted into the flasks.
ratus was positioned beneath a
in 0.02 ml divisions.

A magnetic stirring appa
1 0

-ml microburet graduated

Each flask was placed on the plate

and a magnetic stirring bar inserted.

With vigorous
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stirring the mixture in the flask was titrated with 0.1N
NaOH solution until a faint pink color was obtained which
persisted for at least one min.

The percent free fatty

acid content as oleic was calculated using the indicated
formula with 2.82 as a correction factor.

gF«srinrn§53 x 2-B2 ■ Percent free fatty acid *8 °leic
An analysis of variance using the nested sampling
technique of Anderson and Bancroft

(1952) was performed on

the free fatty acid values of each oil cultivar.

Mean dif

ferences for free fatty acids among cultivars were compared
using Duncan's multiple range test

(Steel and Torrie, 1960).

Using correlation coefficients, the degree of association
between free fatty acid values and the other oil charac
teristics was examined on all cultivars.
Iodine Numbers of Pecan Oils
Iodine numbers, a measure of the total unsaturation
of the oil, were calculated for each cultivar.

The method

employed followed that of the "Wijis" Method for fats and
oils

(AQAC, 1970).

Triplicate 0 . 2 5 (±.005)-g oil samples of

each replicate of each cultivar were weighed into 500-ml
wide-mouth Erlenmeyer flasks.

Twenty milliliters of carbon

tetrachloride were added to dissolve the oil.

Two blank

determinations were simultaneously conducted with each
triplicate group of oil samples.

Using a volumetric pipet,

25 ml of Wijis standardized iodine solution was dispensed
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into each flask which was swirled to insure intimate mixing.
All flasks were stored in a dark cabinet for exactly 30 min
at 25±5*C.

The flasks were then removed and 20 ml of potas

sium iodide solution was pipetted into each, followed by
the addition of

1 0 0

ml recently boiled and cooled distilled

water to wash excess iodine into solution.

A magnetic stir

ring apparatus was positioned beneath a 50-ml NBS buret
which was graduated in 0.1 ml divisions.

Each flask was

placed on the plate and a magnetic bar inserted for stir
ring.

With vigorous stirring, 0.1N standardized sodium

thiosulfate was added until the yellow color had almost
faded*

Two milliliters of starch indicator were added, and

titration continued until the blue color just disappeared.
The number of ml 0.1N sodium thiosulfate required by the
blank minus the number ml used to titrate the sample gave
the number of thiosulfate equivalents of iodine absorbed by
the oil.

To calculate the percent by weight of iodine ab

sorbed the following formula was used.
_ ..
Iodine
where

_
alu

-

(B-S) X N x 12.69
weight sample

B * Titration blank {ml)
S - Titration sample (ml)
N ■ Normality sodium thiosulfate used
An analysis of variance using the nested sampling

technique of Anderson and Bancroft

(1952) was performed on

the iodine numbers calculated from the oil of each cultivar.
Mean differences for iodine numbers among cultivars were
compared using Duncan's multiple range test

(Steel and
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Torrie, I960).

Using correlation coefficients, the degree

of association between iodine numbers and the other oil
characteristics was examined on all cultivars.
Gamma Tocopherol Saponification
Since great losses in vitamin activity can occur
during this initial step, a standard solution of d-gamma
tocopherol

(Supelco) was used to test the recovery effi

ciency of this proposed saponification method.

The standard

tocopherol solution was prepared as described in "Materials"
and quantities ranging between

2 0

and

1 0 0

ug tocopherol

were pipetted into 125-ml Erlenmeyer flasks containing
0.5 g ascorbic acid and 4 ml absolute alcohol
reagent blank was similarly prepared.

(USP).

A

The flasks were

flushed with nitrogen for several min, then attached to a
water-cooled condenser and inserted in a steaming 85-90®C
water bath.

The solutions were brought to a boil under a

nitrogen atmosphere.
1

The condenser heads were raised and

ml concentrated potassium hydroxide solution was quickly

added.

The condensers were replaced and the flasks were

refluxed an additional 5 min.
placed by an ice bath.

The heat source was then re

When the flasks cooled,

25 ml of

redistilled ethyl ether were pipetted through the top of
the condensers into the attached flasks.

This was followed

by 20 ml of recently boiled, cold distilled water.

The

flasks were removed from the ice bath and carefully swirled
for one min.

The contents were quantitatively transferred
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to 125-ral separatory funnels.

The funnels were flushed

with nitrogen, inverted to release the pressure, and
swirled gently in a rotary motion for one min.

After

settling, the lower aqueous phases were drawn off into
secondary separatory funnels and re-extracted.

A total of

3 extractions was made in this fashion with the ether ex
tracts be'Ing pooled into the original separatory funnels.
The extracts were washed with successive 30-ml portions of
recently distilled, cold water until the pH was neutral.
All emulsions were eliminated by using a few drops of abso
lute alcohol

(USP).

The pooled extracts were drained

through powder funnels containing a
plug into

1 0 0

1

-inch sodium sulfate

-ml round-bottom boiling flasks and concen

trated under nitrogen to a few milliliters.

Quantitative

transfers were made to 15-ml graduated centrifuge tubes
and the ether solutions were adjusted to the correct
volumes.
Gamma Tocopherol Quantitation
Quantitation of gamma tocopherol was determined
colorimetrically by coupling the tocopherol with diazotized
o-dianisidine in an aqueous potassium hydroxide solution to
give a red pigment absorbing at 510 run.

The preparation and

storage of the diazotized o-dianisidine reagent is explained
in the "Materials" section.

The method of quantitation fol

lows that of Quaife and Harris

(1948) except that optical

density readings were taken at 510 nm instead of 520 nm on
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a DB spectrophotometer.

The centrifuge tubes containing

the saponified gamma tocopherol standard and reagent blank
were mixed on a vortex to insure solution uniformity.
Ether quantities ranging from 20-100 yg tocopherol were
accurately pipetted into 50-ml glass-stoppered centrifuge
tubes containing 10-ml aliquots of absolute alcohol

(USP).

A 0.2-ml quantity of 20% aqueous potassium hydroxide solu
tion was dispensed to each tube.

Ground glass stoppers

were replaced and the tubes were shaken on a vortex.
0

A

.2 -ml quantity of diazotized o-dianisidine reagent was

carefully dropped onto the reaction mixture.

The centri

fuge tubes were mixed again and allowed to stand in a dark
cabinet for 5 min.
exactly

1 2

After this time, 10 ml distilled water,

ml of re-distilled petroleum ether, and a pinch

of sodium sulfate were added to each tube.

The tubes were

stoppered and shaken approximately 30 sec to extract the
dianisidine-coupled tocopherols.

A 3-ml ether layer was

transferred from each reaction mixture to a
cuvette using a Pasteur pipet.

-cm

silica

The cuvette was inserted

into a pre-wanned DB spectrophotometer.
was measured at 510 nm.

1

Optical density

Tocopherol recoveries were calcu

lated by measuring the "corrected O.D," that is, the O.D.
for the sample minus the O.D. for the blank, against that
of a "corrected" calibration curve for gamma tocopherol
standard.

43
TLC Racorory of Gamma Tocopherol
Experiments were carried out to determine the re
covery of gamma tocopherol from preparative thin layer
chromatography

(TLC) plates, which would be utilized in the

isolation of tocopherol from the other non-saponifiables in
the pecan oils.

The preparation and storage of TLC plates

is described in the "Materials” section.

Previously acti

vated and cooled TLC plates which were coated with 0.50 mm
silica gel GF-254 were removed from a drying cabinet.
Using a pencil, marks were made on the sides of the coated
plates 4 cm from the bottom edge of the plate.

An imaginary

line connecting these points was designated as the spotting
origin.
2

Vertical lines, which were indented approximately

cm, were drawn from these marks to the top of the plate.

A line located 15 cm from the spotting origin was drawn
perpendicular to these vertical lines across the top of the
plate.

A template graduated in 1-cm divisions was posi

tioned on top of the TLC plate perpendicular to the spot
ting origin.
containing

Using lambda micropipets, standard aliquots

2 0 - 1 0 0

yg gamma tocopherol were applied

apart on the plates.

2

cm

The template served as a guide in

spotting the quantities horizontally across the plate.

All

spotting was done under dim light and the spots were dried
under nitrogen.

The plate was placed in the metal trough

of a Thomas-Michell chromatographic tank with the upper top
portion of the plate leaning against the side of the tank.
The tank had previously been lined with blotter paper which
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had bean saturated with the developing solvent.

Approxi

mately 25 ml of a hexane-ethyl ether

solution

(90:10 v/v)

was added to the metal trough and a glass cover-plate was
sealed to the top of the tank with masking tape.

The spots

were allowed to partition themselves on the TLC plate in
ascending fashion for a distance of 15 cm.
2 0

After about

min, partitioning was completed and the plate was re

moved from the chamber and dried under nitrogen.

Tocopherol

standard spots were located under short-wave ultraviolet
light and identified by their Rf values which varied from
0.20-0.22 cm.

Gel areas containing gamma tocopherol were

loosened with a spatula and razor blade, and with gentle
suction, transferred to a 1.2 x 15 cm percolation tube
plugged with glass wool at the constricted end.

The toco-

pherols were then eluted with 3 x 10 ml portions of ethyl
ether into 50-ml glass-stoppered centrifuge tubes.

The

tocopherol solutions were evaporated to near dryness under
nitrogen.

The colorimetric reaction previously described

was used for quantitation.
Recovery Experiments Using a Blank Oil
Experiments were conducted to determine the recovery
of ganma tocopherol added to a blank oil assay procedure.
Olive oil

(USP) was chosen as the test substance since it

was found to contain negligible gamma tocopherol.

Saponi

fication of the oil with subsequent chromatography on the
TLC plates had indicated that gamma tocopherol was not
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detectable In the oil by these procedures.

Therefore, quan

tities ranging from 50-100 vg gamma tocopherol were added
to separate 100 mg quantities of olive oil.

The spiked

oils and blanks were saponified and chromatographed as has
been described.
Gamma Tocopherol Content of Pecan Oils
Oil extracted from individual cultivars was quanti
tatively assayed for gamma tocopherol content.
1

Triplicate

-g oil samples from each replicate of each cultivar were

weighed into 125-ml Erlenmeyer flasks and saponified accord
ing to the tested procedure.
oil

mg)

( 2 0 0

A portion of unsaponifiable

from each triplicate of each replicate culti

var was diluted with petroleum ether in a
flask.

1 0

-ml volumetric

Aliquots representing 50 mg were dispensed into 3-ml

micro-centrifuge tubes,

and the extracts were evaporated

under nitrogen to about 0.05 ml.

The extracts were spotted

under dim light on TLC plates coated with 0.5 mm silica gel
GF-254 using a modified Lang Levy micro-pipet.

All aliquots

were quantitatively applied and dried under nitrogen.

The

plates were placed in a pre-saturated chromatographic cham
ber and developed with the hexane-ethyl ether
solution.
Rf values

(90:10 v/v)

Gamma tocopherol spots were identified by their
(0.23 cm) under an ultraviolet light.

Gel areas

were loosened, and those samples representing the tripli
cate of a replicate cultivar were pooled into a percolation
tube using the vacuum technique previously described.

After
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•luting with ethyl ether, the tocopherol values per gram
oil were determined using the ratio of the tocopherol con
tent per

2 0 0

mg oil calculated from the calibration curve.

In the TLC operation it was found that traces of
extraneous lipid in the unsaponifiable oil was not com
pletely partitioned from gamma tocopherol using this sol
vent system.

Further experiments indicated that the colori

metric reaction for gamma tocopherol was not affected by
this lipid.
An analysis of variance using the nested sampling
technique of Anderson and Bancroft

(1952) was performed on

the gamma tocopherol content in the oil of each cultivar.
Mean differences for gamma tocopherol among cultivars were
compared using Duncan's multiple range test
Torrie,

1960).

(Steel and

Using correlation coefficients, the degree

of association between gamma tocopherol and the other oil
characteristics was examined on all cultivars.
Fatty Acid Composition of Pecan Oils
The fatty acid composition of each pecan cultivar
oil was determined by derivatization of the acids to methyl
esters and the separation of these components by gasliquid chromatography.
Methylation Recovery
The methylation procedure used in this study is a
modification of one proposed by Appelqvist

(1968)

in which

he used a 5-min saponification with methanolic sodium
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hydroxide followed by a 5-min treatment with borontrifluoride reagent to convert the lipids in rape seeds to
fatty acid methyl esters.
The effectiveness of the proposed methylation pro
cedure in transesterification of triglycerides and methyla
tion of free fatty acids to methyl esters was studied.
quots of solutions containing
form,

2 0

2 0

mg tripalmintin/ml chloro

mg tristearin/ml chloroform,

ml chloroform and

2 0

Ali

2 0

mg oleic acid/

mg stearic acid/ml chloroform were

methylated using the boron-trifluoride sodium methoxide
(BF^-NaOCH^) procedure.

Samples from each methylated stan

dard were subjected to thin-layer chromatographic

(TLC)

analysis by applying 200-500 ug to 0.25 mm silica gel G
plates and developing the plates in a solvent system con
sisting of petroleum ether-diethyl ether-acetic acid
(80:20:2 v / v / v ) .

The completeness of the reaction was

measured against reference lipids in TLC-Mix 1 (Applied
S c i ) , pure tripalmintin and tristearin chromatographed
simultaneously.
One-microliter aliquots of
(0

. 1

mg/ml)

6

methylated solutions

for each of the oleic acid and tripalmintin

standards were injected into the gas chromatograph.

The

responses were compared with methyl oleate and methyl palmitate standards to determine the completeness of the
methylation reaction.
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Methylation of Pecan Oils
Triplicate 1-g oil samples from each replicate of
each cultivar were weighed into 25-ml volumetric flasks.
Petroleum ether was added and the diluted contents were
shaken to insure oil disperson.
Aliquots corresponding to 20 mg oil were transferred
from each of the volumetric flasks into 25 x 150 mm culture
tubes.

Each tube was placed in a beaker of warm water and

the contents evaporated to dryness under nitrogen.

Using a

graduated pipet, exactly 0.3 ml of a 0.5N NaOCH^ in methanol
solution was added to each tube.

The tubes were flushed

with nitrogen and Teflon-lined screw caps were secured
tightly in place.

The tubes were mixed using a vortex and

placed in a 100°C oven for exactly 5 min.

Afterward, the

tubes were removed and placed in an ice bath to cool.

When

they had cooled, the caps were removed and exactly 0.4 ml
of a BFj reagent

(14% w/v)

in methanol was added.

The tubes

were again flushed with nitrogen and the caps secured in
place.

The tubes were shaken on a vortex and placed back in

the 100'C oven for another 5 min.

The tubes were removed

and cooled in an ice bath.

Each mixture was then diluted

with 5 ml distilled water.

Five milliliters of petroleum

ether was added to each tube.

The tubes were capped and

shaken on the vortex to complete extraction of the methyl
esters.

The layers were allowed to separate.

The upper

layer was transferred to a second 25 x 150 mm culture tube
using a Pasteur pipet.

A second 5 ml of petroleum ether
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was added to the original extraction t u b e .
shaken and again allowed to separate.

The mixture was

The ether layer was

transferred as before and a third extraction was made.

The

combined ether extracts of the second culture tube were
washed with 5 ml distilled water.

The bottom water layers

were removed with a transfer pipet and a pinch of sodium
sulfate was added to each tube.

The tubes were shaken on

the vortex and the contents of each tube quantitatively
transferred to 13 x 100 mm graduated screw-cap culture
tubes.

The extracts were evaporated to smaller volumes and

aliquots of known concentrations were analyzed by TLC and
GLC methods.

The methylated samples were flushed with

nitrogen and stored at 0°C in a food freezer for later use
in determining both qualitative and quantitative fatty acid
methyl ester composition in pecan oils.
Qualitative GLC Analysis
Fatty acid methyl esters of the oil from each pecan
cultivar were identified by using a Perkin-Elmer Model 990
gas chromatograph equipped with a hydrogen flame ionization
detector, Perkin-Elmer recorder

(model 56), Infotronics

automatic integrator, and infotronic calculator.

GLC analy

ses were performed using a 6* x 1/4" coiled stainless steel
column packed with 10% Silar 10C on 100/120 mesh Gas Chrom
Q.

This column had been conditioned for 22 hr by tempera

ture programming the column from 100-200°C at 2°C rise/
minute.

The column was cooled and maintained isothermally
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at 180*C for the analyses.
were as follows:

The parameters for operation

The injector temperature was held at

240*C while the detector temperature was maintained at
250*C.

The nitrogen carrier gas flow was constant at a

rate of 22 m l / m i n .

Hydrogen pressure for the flame ioniza

tion detector was held at 26 psig and the air pressure main
tained at 50 psig.

The chart speed was set at 5 iran/min.

Qualitative identification of each unknown peak on
the chromatograph was made by comparing the relative reten
tion times of reference methyl esters

(GLC-10 FAME MIX) and

their linear relationships when relative retention times of
a homologous series of fatty acid methyl esters were plotted
on semilog paper against carbon numbers

(Fig. 1).

The fatty acid composition of each cultivar was
calculated on the basis of the relative proportions of
total fatty acid methyl esters in each of the methylated
oil samples.

The relative area values were then normalized

to give percent relative composition.
An analysis of variance using the nested sampling
technique of Anderson and Bancroft

(1952) was performed on

the fatty acid methyl esters of each oil cultivar obtained
by qualitative analysis on Silar 10C.

Mean differences for

fatty acid methyl esters were compared using Duncan's m ulti
ple range test

(Steel and Torrie,

1960).

Using correlation

coefficients, the degree of association among fatty acid
methyl esters of the cultivars was examined.
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Semilogarithmic plot of relative retention time versus chain length
for homologous fatty acid methyl esters in pecan oil on Silar IOC
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Quantitative GDC Analysis
Quantitative estimation of the fatty acid methyl
esters was performed by using a Perkin-Elmer Model 3920 gas
chromatograph equipped with a hydrogen flame ionization
detector and Perkin-Elmer recorder

(model 56).

GLC analy

ses were made using a 6' x 1/4" coiled glaBS column packed
with 10% Apiezon L on 80/100 mesh AW-OMCS Chromosorb H.
This column had previously been conditioned at 2 50°C for
48 hr.

The column was cooled and maintained isothermally

at 220°C for the analyses.
were as follows:

The parameters for operation

Both the injector and detector tempera

tures were held at 250°C.

Helium was used as the carrier

gas and was maintained at an outlet pressure of 89 psig.
This produced a constant gas flow of 75 ml/min.

Hydrogen

pressure for the flame ionization detector was held at 18
psig and the air pressure at 50 psig.
set at 5 mm/min.

The chart speed was

The amplifier range was 10X and the at

tenuation was held at 4X 1 X 1 for all analyses.
Aliquots from standard stock solutions of methyl
myristate, methyl palmitate, methyl stearate, methyl oleate,
methyl linoleate, and methyl cis-ll-eicosenoate

(Alltech)

were used to determine optimum load-response relationships
for both the GLC column and detector.

A working standard

solution consisting of 10 ug/ml methyl myristate,
methyl palmitate,
oleate,

30 yg/ml methyl stearate,

200 ug/ml methyl linoleate,

50 ug/ml

300 ug/ml methyl

and 30 ug/ml methyl cis-

11-eicosenoate was found to produce good linearity and was
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representative of the percentage composition of pecan oil
as determined by qualitative analyses.
Load limit determinations indicated that one micro
liter injections of samples, with concentrations of 20 mg
methylated oil/ml solvent,

1.0 mg methylated oil/ml solvent,

and 0.5 mg methylated oil/ml solvent into the GLC, gave
favorable detector responses at the 4X 1 X 1 attenuation
for all methylated samples.
Quantitative determination of the weights of the
fatty acid methyl esters in the methylated oil samples were
made by the following formula:

ppt
where

H

r

5

x D

(yg/mg)= ---------E

A * Height of sample peak
n yls sample

(mm)

for an injection of

B = Standard fatty acid methyl ester (yg/ml) repre
sented by the peak of standard fatty acid methyl
ester
C = Peak height
ester

(mm) of standard fatty acid methyl

D * Dilution factor
E * Sample (mg) represented in n uls of original
extract
An analysis of variance using the nested sampling
technique of Anderson and Bancroft

(1952) was performed on

the fatty acid methyl esters of each oil cultivar obtained
quantitatively on Apiezon L.

Mean differences for the fatty

acid methyl esters were compared using Duncan's multiple
range test
efficients,

(Steel and Torrie,

1960).

Using correlation co

the degree of association between fatty acid
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methyl esters and the other oil characteristics was exam
ined on all cultivars.
MATERIALS
I.

II.

Pure S o l v e n t s :
(A)

Chloroform, ACS,

(redistilled in glass)

(8)

Petroleum
glass

(C)

Diethyl ether, anhydrous,

(D)

Hexane, ACS,

(E)

95% Ethanol, bulk reagent

(F)

Carbon tetrachloride, ACS grade

(G)

Absolute ethanol, USP-NF

ether,

(30-60°C), (redistilled in
(redistilled in glass)

(redistilled in glass)

Chemical Reagents:
(A)

Sand, washed and ignited,

(MCB Chemical Co.)

(B)

Sodium sulfate, ACS,

(C)

Hydro-Cel-Celite,

(D)

L (+) ascorbic acid,

(E)

Glacial acetic acid, ACS

(F)

Hydrochloric acid, ACS,

(G)

Olive oil, USP,

(H)

Boron trifluoride in methanol, 14% w/v,
Science Labs.)

(I)

3,3'-dimethoxy-benzidine dihydrochloride,
man Organic Chemicals)

(J)

Boileezers,

(K)

Silica gel GF-254,

(L)

Silica gel G

(granular)

(John Manville

Co.)

(Eastman Organic Chemicals)

(Sp. gr.

(Carrol Chemical

1.19)
Co.)
(Applied
(East

(Fisher Scientific Chemicals)
(Brinkman Instruments)

(type 60),

(Brinkman Instruments)
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III.

(M)

10% Silar 10C stationary phase coated on 100/200
mesh Gas Chrom Q and packed in 8' x 1/4" stain
less steel column, (Applied Science Labs.)

(N)

10% Apiezon L stationary phase coated on 80/100
mesh AW-DMCS Chromosorb W and packed in 6' x
1/4" coiled glass column, (Applied Science Labs.)

(O)

TLC plates— see Appendix, Table U

Chemical Solutions:
(A)

Phenolphthalein indicator
solution

(1% in 95% ethanol)

(B)

Starch indicator
Chemicals)

(stabilized)

(C)

Sodium hydroxide

(0.1N aqueous)

(D)

Wijis standardized iodine monochloride solution,
(Sargent-Welch Chemicals)

(E)

Potassium iodide, ACS,

(F)

Sodium thiosulfate, ACS,

(G)

Concentrated potassium hydroxide solution (80-g
pellets in 50 ml distilled water)

(H)

Sodium nitrite, ACS,

(I)

Urea, ACS,

(J)

Potassium hydroxide

(K)

Hexane-diethyl ether developing solution
v/v)

(L)

Petroleum ether-diethyl ether-acetic acid develop
ing solution (80:20:2 v/v/v)

(M)

0.5N sodium methoxide in methanol solution,
(Applied Science Labs.)

(N)

Antimony pentachloride TLC spray reagent (20 g
antimony pentachloride dissolved in 100 ml
chloroform)

(O)

Phosphomolybdic acid TLC spray reagent (10 g phoBphomolybdic acid dissolved in 1 part absolute
ethanol and 1 part diethyl ether)

solution,
solution

(aqueous solution)
(0.1N aqueous)

(5% aqueous)

(5% aqueous)

(Fisher

solution

solution

solution

(20% aqueous)

solution
(90:10
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(P)

IV.

V.
VI.

Diazotized O-dianisidine reagent— see Appendix,
Table U

Standards:
(A)

Potassium dichromate, NSB primary standard used
for standardization of 0.1N sodium thiosulfate
solution

(B)

d-Gamma tocopherol (7,8-dimethyl-tocol). A 1 mg/ml
hexane stock solution was prepared.
(Supelco, Inc.)

(C)

Tripalmitin standard (triglyceride). A 20 mg/ml
chloroform stock solution was prepared.
(Eastman
Organic Chemicals)

(D)

Oleic acid standard.
A 20 mg/ml chloroform stock
solution was prepared.
(Applied Science Labs.)

(E)

Stearic acid standard USP.
A 20 mg/ml chloroform
stock solution was prepared.
(Eastman Organic
Chemicals)

(F)

Tristearin standard (triglyceride) USP.
chloroform stock solution was prepared.
Organic Chemicals)

(G)

TLC-Mix 1 containing 25% by weight cholesteryl
oleate, methyl oleate, oleic acid, and triolein.
A 5 mg/ml chloroform stock solution was prepared.
(Applied Science Labs.)

(H)

GLC-10 FAME MIX containing 20% by weight methyl
palmitate, methyl stearate, methyl oleate, methyl
linoleate, and methyl linolenate.
A 0.5 mg/ml
hexane stock solution was prepared.
(Supelco, Inc.)

(I)

Individual quantitative methyl esters were obtained
from Alltech Associates and the following stock
solutions prepared using hexane as the solvent:
Methyl mryistate (1 m g / m l ) , methyl palmitate
(1 m g / m l ) , methyl stearate (1 m g / m l ) , methyl oleate
(1 mg/ml), methyl linoleate (0.5 mg/ml), methyl
linolenate (0.5 mg/ml), and methyl cis-11eicosenoate, 20:1 (0.1 mg/ml)

A 20 mg/ml
(Eastman

Equipment— see Appendix Table V for extensive list.
Glassware— see Appendix Table W.

RESULTS AND DISCUSSION
Experimental Design
With the development of a seedling tree evaluation
program by the LSU Horticulture Department in 1 9 6 6 f an oppor
tunity was created for the tremendous improvement in pecan
production throughout the state.
The major objectives of this program were to study
the general adaptability, yield, age of bearing, disease and
insect resistance, and nut quality of nuts of new cultivars
which showed promise for propagation in the Louisiana
climate.
Although information has been gathered on the nut
size, percent kernel, and kernel color for these new selec
tions, the chemical composition as it relates to nut quality
has not been thoroughly examined.
Therefore, the primary goal of this experiment was
to determine oil characteristics for individual cultivars
which could be used to further elucidate the chemical compo
sition of the nutmeats.
A statistical evaluation based upon differences in
geographical a r e a s , tree loads, or harvest dates among pecan
cultivars was not intended for this initial study, but
rather, an experimental design was planned to evaluate samp
ling within a pecan cultivar.
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The sampling procedure consisted of gathering the
pecan nuts by cultivar and pooling them in homogeneous
populations.

In earlier studies, Woodroof and Heaton

(1961)

had indicated a significant variation in the oil character
istics among as well as within pecan cultivars.

For e x 

ample, they found 50 subsamples of a Stuart population had
a 64-75% variation in oil content.
For this reason, the repeated subsampling or nested
sampling technique of Anderson and Bancroft

(1952) was used

to estimate the components of variance associated with samp
ling within a pecan cultivar.

This design also was useful

in giving estimates of the reliability of the actual labora
tory procedures used throughout the experiment.
The statistical results show that the level of
variance associated with the two components, namely replica
tion by triplication, were not significant

(P<0.01)

if the

sample size indicated in "Methods” was utilized in the ex
periment.

This low level of variance indicated a high de

gree of reliability for the laboratory procedures and veri
fied the acceptability of the methodology used.
The disadvantage of this nested design was also
recognized.

The replicates chosen for analyses were essen

tially homologous since the nuts of each cultivar were pooled
at harvest.

Therefore, any true difference that may have

existed among cultivar replicates with respect to tree source
was eliminated.
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Preliminary Oil Studies
Preliminary studies were made on the pecan nutmeat
cultivars to find an efficient but simple method of oil ex
traction and to identify the fatty acid components in the
extracted oil.
Oil was removed from the nutmeats by two extraction
methods.

The AOAC

was used since

(1970) diethyl ether Soxhlet extraction

(1) it has become an official adopted method

of oil extraction for dried materials and

(2) it has been

used previously to extract oil from nutmeats in proximate
analysis studies of Louisiana pecans.
Although the Soxhlet extraction is exhaustive,

the

amount of material held by the extraction thimble limits
the sample size used.

In this study a total of 12-13 g of

extracted oil was needed to complete all experiments, and
therefore, a larger sample size was essential.
Extraction with petroleum ether has been used by the
LSU Feed and Fertilizer Laboratory to extract pesticides
from a variety of fatty foods including oilseeds.

The method

has proven to be expedient, can accommodate large samples,
and has given consistent results for routine multi-residue
analyses.
In Table 1 the data for the two extraction procedures
are compared.
for (Candy)
method.

The ten cultivar means ranged from 69.63% oil

to 75.87% for

(J. Wright)

Using the petroleum ether extraction method, the

ten cultivar means ranged 68.17% oil
(Abel) .

in the AOAC extraction

(Candy)

to 75.72% oil
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TABLE 1
Oil content of 10 pecan nutmeat cultivars
using 2 extraction methods
AOAC extraction

Cultivar

Petroleum ether
extraction

Overall means
(2 extractions)

Percent oil Grams oil*** Percent oil Grams oilcd
Abel

74.54

1.534

75.72

19.11

75.13

J. Wright

75.87

1.537

74.89

18.72

75.38

Shoshoni

74.41

1.500

74.01

18.54

74.47

Barton

73.66

1.489

73.54

18.50

73.60

Davis

72.79

1.475

73.33

18.35

73.06

Desirable

74.11

1.515

72.07

18.09

73.09

Elliot

71.79

1.455

71.61

17.93

71.71

USDA 2450

71.41

1.467

69.85

17.50

70.63

Stuart

69.85

1.407

69.60

17.47

69.73

Candy

69.63

1.407

68.17

17.12

68.90

aRepresents 2-g samples
Mean (3 triplicates x 2 replicates) analyses/cultivar
cRepresents 25-g samples
<*Mean (2 replicates) analyses/cultivar
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The results seem to indicate that the cong>osition
of pecan oil is little affected by the extractant, and
therefore, roust be principally composed of triglycerides as
pointed out by Jellum (1971).

This assumption has recently

been elucidated by Senter and Horvat
on the lipids in pecan nutmeats.

(1976)

in their work

In their analyses, they

found that triglycerides composed greater than 95% of the
total lipids while the complex lipids were present in quan
tities of less than 1%.
Since initial studies of the two oil extractants
indicated small differences in efficiency between them,
petroleum ether was selected to extract pecan oil from dup
licate 25-g nutmeat samples of the 10 cultivars.

This ex

traction method was chosen because of its expediency and
the non-limiting factor of sample size.
Using the repeated subsampling technique, the fatty
acid composition of each methylated oil was qualitatively
determined by chromatographing the fatty acid methyl esters
on a polar Silar 10C column.

A total of 6 determinations

(3 triplicates X 2 replicates) was made for each fatty acid
and the means of the calculations are listed in Table 2.
The method used for identifying the fatty acid com
position was patterned after Bartlett and Iverson

(1966),

in which they calculated the relative area of each peak by
the relationship peak height x retention time *= relative
area.

In this experiment the injection volume ranged from

0.5-1.0 ul, and therefore, the attenuation factor was

TABLE 2
Calculated means of fatty acid composition of 10 pecan nutmeat cultivars on Silar 10C

Cultivar

Palmitic1

Stearic1

Oleic1

Linoleic1

Linolenic1

H f i r°leUB1

Abel

4.74d
±.31

2.14bc
±.15

80.32a
±.43

12.27h
±.22

0.535d
±.06

75.72a

J. Wright

6.13b
±.13

1.68d
±.04

68.49d
±.23

22.85e
±.14

0.840bc
±.06

74.89a

Shoshoni

4.75d
±.23

1.8 8cd
±.08

74.75b
±1.21

17.94g
±1.06

0.678cd
±.15

74.01b

Barton

4.39d
±.17

1.73d
±.06

80.79a
±.27

13.01h
±.27

0.090e
±.20

73.54bc

Davis

6.23b
±.50

2.15bc
±.04

65.79e
±.86

24.92d
±.52

0.910b
±.03

73.33c

Desirable

4.39d
±.11

2.0 3be
±.13

72.33c
±.50

20.63f
±.53

0.632cd
±.32

7 2 .10d

Elliot

4.37d
±.26

2.22b
±.16

71.36c
±1.15

21.41f
±.85

0.635cd
±.32

71.61d

USDA 2450

5.18c
±.31

1.7 Id
±.15

60.11g
±1.47

32.13b
±1.54

0.850bc
±.20

69.85e

Stuart

5.33c
±.30

2.09bc
± .08

63.44f
±.63

28.33c
±.91

0.817bc
±.12

69 ,60e

2.50a
±.38

51.98h
±3.16

36.24a
±1.60

1.538a
±.20

68.17f

Candy

7.74a
±1.22

a“^Values within a column followed by same letter or letters do not differ signifi
cantly at the 5% level.
XA11 values based on relative percent.
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included in the equation.

The ratios of the area of each

peak to the sum of the areas of all component peaks gave
the relative percent distribution in the pecan oils.

An

example of this type area normalization is shown in Table 3.
Silar IOC was selected as the polar stationary
phase for qualitative work because of its thermal stability,
good resolution of saturated and unsaturated esters, and
short analysis time.

It should be noted that the saturated

parent compound was eluted before the unsaturated homolog
on this column

(Fig. 2).

The relative percent of palmitic acid qualitatively
determined as an ester among the 60 pecan oil samples
ranged from 4.11 to 9.75 with the overall mean being 5.32.
The ten cultivar means

(Table 2) ranged from 4 . 3 7 ± .26

(Elliot)

(Candy).

to 7 . 7 4 ± 1 . 2 2

An analysis of variance

(Appendix, Table A) indicated no significant difference
(p<0.05)

among replicate analyses within individual culti

var s , but the difference among cultivars was highly signifi
cant

( p>0.01).

This difference in palmitic acid is prob

ably due to the inherent genetic variability among cultivars.
Duncan's multiple range test
compare cultivar means.

(Table 2) was used to

The results indicated the mean pal

mitic acid value 7.74 associated with the cultivar Candy
was significantly different (p>0 . 0 5 )

from the palmitic acid

values of the other nine cultivars which were distributed
among three significant

(p>0.05)

groupings.

TABLE 3
Qualitative analysis of fatty acid distribution for Stuart cultivar

(sect

Relative
retention
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1.000

0

16:0

102.0

1

32538

5.26

529

1.658

0.220

18:0

23.0

1

12190

1.99

619

1.940

0.288

18:1

79.0

8

391208

63.19

796

2.495

0.396

18:2

112.0

2

178304

28.80

1028

3.392

0.530

18:3

4.5

1

4869

0.79

£ £ £ &

Tentative
identity

Attenuation
factor

Relative
area«

Percent
cospositionb

619086

Operating parameters:

Temperature, 180°C; Column, Silar 10C; Attenuation, 32 x 1 x 1;
Concentration, 5 mg/ml; Injection, 1 yl

aPeak height x corrected retention x attenuation factor = relative area
^Percent relative area
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6 3 .2 %

PEAK
1 - 16:0
2-18:0
3 -1 8 :1
4 -1 8:2
3-18*3

STUART
CULTIVAR

2 8 .7 %

5 .3 %

0.8 %
20

18

16

14

12

RETENTION
Figure 2.

10

8

6

4

2

0

TIME ( MIN.)

Chromatogram showing the separation of fatty
acids in pecan oil on Silar IOC.
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Correlations between the palmitic acid values and
the other fatty acids associated with the 60 pecan oil sam
ples of the 10 cultivars were calculated statistically.
The results,

simple coefficients of correlation, are listed

in Tables B-F of the Appendix.
acid

(B) and oleic acid

The tables for palmitic

(D) indicate a consistently negative

association between the r values of these two fatty acids in
4 of the 10 pecan cultivars.
The relative percent of stearic acid in the 60 pecan
oil samples ranged from 1.61 to 3.01 with the overall mean
being 2.01.

The ten cultivar means

1 . 6 8 ± .04

(J. Wright)

difference

(p<0.05)

(Table 2) ranged from

to 2 . 5 0 ± .38 (Candy).

No significant

was found among replicate analyses

within individual cultivars but the difference among culti
vars

(Appendix, Table A) was highly significant

(p>0.0 1 ) .

This difference in stearic acid is probably due to the in
herent genetic variability among cultivars.
The results of Duncan's multiple range test

(Table 2)

indicated that the mean stearic acid value 2.50 associated
with cultivar Candy was significantly different

(p>0.05)

from the stearic acid values of the other nine cultivars
which were distributed among three overlapping significant
(p > 0.05) groupings.
Correlation studies for stearic acid values

(Appen

dix, Table C) indicate no consistent association between the
r values for stearic acid and the other fatty acids in each
of the 10 pecan cultivars.
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The relative percent of oleic acid in the 60 pecan
oil samples ranged from 81.12 to 47.24 with the overall
mean being 68.94.

The ten cultivar means

from 8 0 . 7 9 ± .27 (Barton) to 5 1 . 9 8 ± 3 . 1 6
nificant difference

(p<0.05)

(Table 2) ranged

(Candy).

No sig

was found among replicate

analyses within individual cultivars but the difference
among cultivars
(p > 0.01).

(Appendix, Table A) was highly significant

This difference in oleic acid is probably due

to inherent genetic variability among cultivars.
The results of Duncan's multiple range test

(Table

2) indicated that six mean oleic acid values 74.7, 68.5,
65.8, 63.4, 60.1, and 52.0, associated with cultivars Shoshoni, J. Wright, Davis, Stuart, USDA 2450, and Candy, re
spectively, were significantly different

(p>0.05)

from

each other and from the oleic acid values of the other four
cultivars which were distributed between two significant
( p > 0.05)

groupings.

The relative percent of linoleic acid in the 60
pecan oil samples ranged from 11.95 to 38.64 with the over
all mean being 22.98.

The ten cultivar means

(Table 2)

ranged from 12.27 ± .22

(Abel) to 36.24 ± 1.60

significant difference

(p<0 . 0 5 ) was found among replicate

(Candy).

No

analyses within individual cultivars, but the difference
among cultivars
( p>0.01).

(Appendix, Table A) was highly significant

This difference in linoleic acid is probably due

to the inherent genetic variability among cultivars.
The results of Duncan's multiple range test

(Table 2)
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indicated that six mean linoleic acid values, 36.2, 32.1,
28.3, 24.9, 22.9, and 17.9, associated with cultivars Candy,
USDA 2450, Stuart, Davis, J. Wright, and Shoshoni, respec
tively, were significantly different

(p>0.05)

from each

other and from the linoleic acid values of the other four
cultivars which were distributed between two significant
(p > 0.05) groupings.
Correlation studies for oleic acid
Table D) and linoleic acid

(Appendix,

(Appendix, Table E) values indi

cate a highly consistent negative association between the
r values of these two fatty acids in 8 of the 10 pecan cul
tivars .
The relative percent of linolenic acid in the 60
pecan oil samples ranged from 0.01 to 1.93 with the overall
mean being 0.752.

The ten cultivar means

(Table 2) ranged

from 0 . 0 9 0 ± .20 (Barton) to 1 . 5 3 8 ± .20 (Candy).
cant difference

No signifi

( p<0.05) was found among replicate analyses

within individual cultivars, but the difference among culti
vars

(Appendix, Table A) was highly significant

(p>0.01).

This difference in linolenic acid is probably due to inher
ent genetic variability among cultivars.
The results of D u n c a n ’s multiple range test
indicated that two mean linolenic acid values,

(Table 2)

1.538 and

0.090, associated with cultivars Candy and Barton, respec
tively, were significantly different

(p>0.05)

from each

other and from the linolenic acid values of the other eight
cultivars which were distributed among three overlapping
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significant

(p>0.05)

groupings.

Correlation studies for linolenic acid values

(Ap

pendix, Table F) indicate no consistent association between
the r values for linolenic acid and the other fatty acids
in each of the 10 pecan cultivars.
Oil Characteristics of Pecan Nutmeats
Chemical characteristics which influence the quality
and stability of pecan meats and oil were determined.

Dif

ferences were found among the 10 pecan cultivars which were
studied.
Heaton et al.

(1966) have pointed out that the fatty

acid composition of pecan oil is influenced by the physio
logical maturity of the kernel at harvest.

Generally, well

filled, mature kernels contain the greatest amount of oleic
acid, while poorly filled and young nuts have the highest
percentage of linoleic acid.

In the past, it has been dif

ficult to pinpoint the optimum harvest dates for pecan cul
tivars.

Too early a harvest results in many nuts being

immature with a low oil content.

However, prolonged delay

in harvesting results in darker shell coats and loss of
flavor quality due to adverse weather conditions.

All

pecans used in this study were harvested at maturity dates
based on past experience and on external quality factors
such as attainment of full size and good shell color.
Drying pecan nutmeats which may contain 8-10% mois
ture after shelling is necessary to prevent molding.

70
discoloration, or the breakdown of oil during storage.
Table 4 shows data for the total moisture content of the 10
pecan cultivars after shelling.

The ten cultivar values

for percent moisture ranged from 4.03 for J. Hright to 6.46
for Desirable.

These relatively low values can possibly be

explained by noting that the cultivars were stored several
days on the floor of a heated room before being shelled.
TABLE 4
Total moisture content of 10 pecan nutmeat cultivars
before storage at 0®C for 9 months
Cultivar
Stuart
Barton
USDA 2450
Shoahoni
Candy
Abel
Elliot
J. Wright
Desirable
Davis

Moisture
(air dried)a
4.77
2.76
3.12
3.93
3.35
2.91
4.18
2.21
5.09
2.78

Moisture
(vacuum dried)"0
1.59
1.55
1.93
1.75
1.67
1.44
1.37
1.86
1.44
1.82

Moisture
(total)
6.28
4.27
4.99
5.61
4.96
4.31
5.49
4.03
6.46
4.60

aAverage of 6 individual pan weights
^Average of 2 replicates/cultivar
cAverage of 2 replicate 50-g subsamples
Oil extraction from duplicate 25-g nutmeat samples
of the 10 cultivars was accomplished using petroleum ether.
The nested sampling technique was utilized in order to test
for differences among oil characteristics within a cultivar.
A total of 6 determinations

(3 triplicates X 2 replicates)

was made for each oil characteristic studied and the means
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of the calculations are listed in Table 5 for the 10 pecan
cultivars.
The free fatty acid values for the 60 pecan oil
samples ranged from 0.338 to 0.520 with the overall mean
being 0.423.
0.384 1 0.025
of variance

The ten cultivar means
(Abel) to 0.470 ± 0.033

(Table 5) ranged from
(Elliot).

An analysis

(Appendix, Table G) for the free fatty acid

values indicated no significant difference

(p<0.05)

among

replicate analyses within individual cultivars, but the
difference among cultivars was significant

(p>0.05).

This

difference could be due in part to a difference in harvest
ing dates whereby under wet conditions an uptake of moisture
could have led to some oil deterioration.
Duncan's multiple range test
compare cultivar means.

(Table 5) was used to

The results indicated that the

means associated with 10 cultivars were distributed among
four overlapping significant

(p > 0.05)

groupings of free

fatty acid values.
Correlations between free fatty acid values and the
other oil characteristics associated with the 60 pecan oil
samples of the 10 cultivars were calculated statistically.
The results,

simple coefficients of correlation, are listed

in the Appendix

(Tables H - P ) .

Table H for free fatty acid indicated no consistent
association between the r values for free fatty acid and
the other oil characteristics in each of the 10 pecan culti
vars.
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TABLE 5
Means of oil characteristics of 10 pecan
nutmeat cultivars
Cultivar

Percent
oil

Abel

75.72a
±1.92

90.7h
±.5

0.384d
±.025

161.7d
±12.9

0.035cd
±.005

J. Wright

74.89
±1.32

97.6d
±.7

0.397cd
±.052

235.0b
±16.4

0.038abcd
+ .004

Shoshoni

74.01b
±1.67

92.6g
±.5

0.390cd
±.033

162.5d
±22.1

0.043ab
±.005

Barton

73.54bc
±.49

94.Of
±.3

0.445abc
±.042

255.0b
±22.6

0.040abc
±.006

Davis

73.33c
±.26

101.1c
±.7

0.408bcd
±.043

290.0a
±11.0

0.033cd
±.010

Desirable

72.lOd
±1.14

95.0e
±.7

0.440abc
±.056

260.0b
±15.5

0.032d
±.004

Elliot

71.61d
±1.00

93.5f
±.5

0.470a
±.033

293.3a
±10.3

0.037bcd
±.005

USDA 2450

69.85
±1.22

106.5b
±.9

0.440abc
±.030

181.7cd
±28.4

0.035cd
±.005

Stuart

69.60
±1.58

107.5a
±.4

0.457ab
±.042

195.0c
±27.4

0.032d
±.004

Candy

68.17
±.20

107.3a
±.6

0.403bcd
±.050

260.0b
±15.5

0.045a
±.005

iodine

Free fatty
acid

Tocopherol

Myristic^
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TABLE 5 (continued)
Linoleic
Cultivar

Palmitic^

Stearic^

Oleic^

Abel

4.64d
+ .22

2.52b
±.39

77.15a
±.85

15.30i
±.85

0.352b
±.031

J. Wright

5.36b
±.12

1.64d
±.11

69.49e
±.48

22.95e
±.37

0.322
±.032

Shoshoni

5.10
±.17

2.35bc
±.15

74.51b
±.89

17.6lh
±.88

0.393a
+ .035

Barton

5.49b
±.09

2.03de
±.23

69.64e
±.77

22.53e
±.67

0.278de
±.031

Davis

5.19c
±.09

2.42bc
±.18

66.66f
±.42

25.38d
±.41

0.318bcd
±.069

Desirable

4.67d
±.09

2.33bc
±.11

71.08d
±.72

21.59f
±.61

0.290cde
±.013

Elliot

4.31e
±.16

2.86a
±.105

73.19c
±.96

19.28g
±.81

0.333bc
+ .010

USDA 2450

5.46b
±.24

2.17cd
±.37

61.34h
±1.37

30.68b
±.92

0.305cde
±.022

Stuart

5.06c
±.11

2.53b
±.82

64.40g
±.82

27.72c
±.62

0.270e
±.013

Candy

6.23a
±.103

2.46bc
±.22

55.14i
±.71

35.86a
±.74

0.267e
±.018

+
j
linolenic

Cis-11-Eicosenoic^

a-*Values within a column followed by same letter or letters do not
differ significantly at the 5% level.
^All values based on % by weight.
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Woodroof and Heaton

{1961), in their work with

Georgia pecans, have demonstrated a highly significant
( p > 0.01)

negative correlation between oil content and

iodine number which is independent of varieties,

size of

crop, or location.
In this study, the oil content of each duplicate
25-g nutmeat sample of each cultivar was determined using
the petroleum ether extraction method.

The oil content for

the 20 pecan oil samples ranges from 68.03 to 77.07 with
the overall mean being 72.35.

The ten cultivar means

(Table 5) ranged from 7 5 . 7 2 ± 1.92
(Candy)*

An analysis of variance

(Abel) to 68.17 ± .20
(Appendix, Table G) of the

replicate analyses indicated a highly significant differ
ence

(p>0.01)

in oil content among cultivars.

The results of Duncan's multiple range test (Table
5) indicated that only one mean oil value associated with
cultivar Candy was significantly

(p>0.05)

different from

each of the other nine cultivars which were distributed
among four significant

( p > 0.05) groupings one of which was

overlapping.
The iodine numbers for the 60 pecan oil samples
ranged from 90.1 to 108.1 with the overall mean being 98.6.
The ten cultivar meins
to 107.5 ± .4 (Stuart).

(Table 5) ranged from 90.7 ± .5 (Abel)
No significant difference

(p<0.05)

was found among replicate analyses within individual culti
vars, but the difference among cultivars
was highly significant

( p>0.01).

(Appendix, Table G)

The difference in iodine
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numbers is probably due to the inherent genetic variability
among cultivars.
The results of Duncan's multiple range test indi
cated that six mean iodine numbers 106.5, 101.1, 97.6, 95.0,
92.6, and 90.7 associated with cultivars USDA 2450, Davis,
J. Wright, D-isirable, Shoshoni and Abel respectively, were
significantly different

(p>0.05)

from each other and from

the iodine numbers of the other four cultivars which were
distributed among two significant

(p>0.05)

An examination of the means

groupings.

(Table 5) for iodine

number and oil content of the 10 pecan cultivars indicates
that cultivar Candy with the highest iodine number
has the lowest oil content

(68.1%), while cultivar Able

with the lowest iodine number
content

(75.72%).

(107.3)

(90.7) has the highest oil

The exceptions to this trend are culti

vars Elliot, J. Wright, and Davis.
Correlation studies for iodine numbers

(Appendix,

Table I) indicated no consistent association between the
values for iodine number and the other oil characteristics
in each of the 10 pecan cultivars.
French

(1962) found that iodine values computed from

GLC results were in close agreement with those determined by
the Wijis method on the extracted oil.
Similar values were calculated from the CLC results
of both Silar 10C and Apiezon L columns

(Appendix, Tables R,

S, and T) and the results are listed in Table 6.
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TABLE 6
Iodine number determined by GLC vs Wijis methods
for 10 pecan oils
Wijis
iodine

Cultivar
Abel
J . Wright
Shoshoni
Barton
Davis
Desirable
Elliot
USDA 2450
Stuart
Candy

90.7
97.6
92.6
94.0
101.1
95.0
93.5
106.5
107.5
107.3

Silar 10C
GLC iodine
(W-G)
91.4
100.3
96.8
91.9
101.7
99.2
99.7
109.2
105.4

+0.7
+2.7
+4.2
-2.1
+ 0 .6
+4.2
+6.2
+2.7
-2.1
+3.8

111.1

Apiezon L
GLC iodine
92.8
95.1
94.6
98.9
101.7
98.4
96.2
105.7
103.2
109.3

(W-<3)
+2.1
-.24
+2.0
+4.8
+0.6
+3.4
+2.7
-0.8
-4.3
+2.0

Variation between the iodine values found by direct
determination and the iodine values computed from the fatty
acid methyl ester analyses of the Silar 10C and Apiezon L
GLC columns was less than 5%.

The only exception was culti

var Elliot which had a greater than 5% variation between
determined and computed iodine values of the Silar 10C GLC
column.

Generally, the computed iodine values were slightly

higher than the determined iodine values and, with the e x 
ception of cultivars Stuart

(-4.28)

and Barton

(+4.78), the

computed iodine values for the Apeizon L GLC column were
more closely associated with the iodine values determined by
direct measurement.
This difference between the computed and measured
iodine values may be due in part to the fact that the fatty
acids computed on the methylated oil samples accounted for
only 95-96%

(triglycerides) of the crude pecan oil, while
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the remaining 4-5% was composed of unsaponifiable matter.
On this assumption, the computed iodine value would be
higher than the measured iodine value.
Iodine values for cultivars Stuart and Barton com
puted from GLC analyses of the Silar IOC column and iodine
values for cultivars Stuart, USDA 2450, and J. Wright com
puted from GLC analyses of the Apiezon L column were
slightly lower than the iodine values found by direct m e a 
surement.

This discrepancy may indicate oil decomposition

between the time iodine values were measured on the crude
oil and GLC analyses of fatty acid methyl esters were p e r 
formed.
Odell et al.

(1972)

indicated that linoleic acid in

pecan oil was the culprit most responsible for rancidity.
In reviewing the literature,

it was discovered that pecans

contained appreciable amounts of gamma tocopherol which
might serve as an antioxidant in oil stability.

The pur

pose for determining gamma tocopherol levels in the culti
vars was to see if any relationship existed between toco
pherol concentrations and the polyunsaturated acids

(lino

leic) present in the extracted oil.
Tocopherols are chemically very similar to other
fatty material and for this reason, the extraction and iso
lation of pure tocopherol isomers for quantitation is often
difficult.

In using colorimetric methods of analysis, it

is important that the colorimetric reaction be specific and
not affected by the presence of any interfering substances.
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In this study, the quantitation of gamma tocopherol was ac
complished by using a diazotized o-dianisidine reagent which
specifically couples with gamma tocopherol to produce a red
pigment at 510 n m (Fig.

3).

Since extraneous lipid was not

completely partitioned from gamma tocopherol in the TLC
analyses

(Plate 1), initial experiments were conducted to

determine if small amounts of lipid interfered with the co
lorimetric reaction.

The results showed that the lipid did

not affect the color reaction during quantitation of gamma
tocopherol.
The saponification method used in this study was a
modification of one proposed by Slover et al.
corbic acid was added as an antioxidant,

(1969).

As

since initial ex

periments indicated it created less of an emulsion problem
than did alcoholic pyrogallol in the extraction procedure.
Also, diethyl ether proved to be a better extractant for
gamma tocopherol than did petroleum ether in the experiment.
Data are presented

(Fig. 4) which indicate the efficiency

of this proposed saponification procedure.

The percent re

covery 20-100 tig gamma tocopherol standard ranged from 88.5
to 92.5%, respectively.
The advantages of TLC over column and paper chroma
tography in the purification of vitamins have been reviewed
by Strohecker and Henning

(1966).

In this study, TLC was

preferred as a means of purification of the unsaponifiable
extract because of its shorter analysis time and better sepa
ration of interfering substances from gamma tocopherol.

The

79

.10
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CORRECTED ABSORBANCE( 0 . D.)

Figure 3.

Standardization curve for diazo method for gamma
tocopherol in potassium hydroxide solution
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1
Plate 1.

2

3

TLC plate showing tocopherols In the uneaponiftable
extracts of pecan oil.
From left to right (1) cor
responds to the test mixture containing in order of
increasing Rf:
1 0 0
yg gamma tocopherol, 1 0 0 yg
alpha tocopherol, (2 ) corresponds to 1 0 0 mg sample
oil, (3) corresponds to 100 mg sample oil spiked
with 1 0 0 yg gamma tocopherol and 1 0 0 yg alpha
tocopherol.
Solvent:
Hexane-diethyl ether (90:10 v/v)
Plate:
0.75 ran Silica gel G
Reagent:
Antimony pentachloride
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100

tocopherol

90
80
70

of added

60

A = Saponification recovery

50

o = Thin layer plate re co v ery

40

% Recovery

□ = Spiked blank oil recovery
30

20
1 0

10

20

30

40

50

x

x

60

70

x
80

90

j

100

Micrograms of tocopherol added

Figure 4.

Recovery of gamma tocopherol from saponification
and thin-layer chromatographic procedures and
recovery of added gamma tocopherol to olive oil
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efficiency with which

2 0 - 1 0 0

yg of gamma tocopherol was

eluted from TLC plates and subsequently quantitated ranged
from

8 6

to 89%, respectively (Pig. 4).
An experiment was conducted to determine if the

presence of oil

(blank) might have a protective effect on

gamma tocopherol during the saponification and purification
stages of the experiment.

Results indicated

(Fig. 4) that

by using the methods described for analysis one might expect
a 73.5% recovery for 50 yg tocopherol/g oil or a 79% re
covery for

1 0 0

yg tocopherol/g oil.

Using the saponification, purification, and quanti
tation procedures described in the "Methods" section of this
study, the gamma tocopherol content in the

1 0

pecan culti

vars was calculated.
The tocopherol values of the 60 pecan oil samples
ranged from 145 yg/g oil to 300 yg/g oil with the overall
mean being 229.4 yg/g oil.
ranged from 161.7 ± 12.9 yg/g
(Elliot).

The ten cultivar means

(Table 5)

(Able) to 293. 3 ± 10.3 yg/g

No significant difference

(p<0.05)

was found

among replicate analyses within individual cultivars, but
the difference among cultivars
significant

(p>0.01).

(Appendix, Table G) was highly

This difference in gamma tocopherol

concentration is probably due to inherent genetic varia
bility among cultivars.
The results of Duncan's multiple range test indicated
that the means associated with the
tributed among four significant

1 0

cultivars were dis

(p>0.Q5)

groupings of
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tocopherol values one of which was overlapping.
Correlation studies for tocopherol values

(Appendix,

Table J) indicated no consistent association between the r
values for tocopherol and the other oil characteristics in
each of the

1 0

esting to note

pecan cultivars.

It is particularly inter

(Fig. 5) that there is no association between

tocopherol concentration and the percent of polyunsaturates
(mainly linoleic acid) present in the

1 0

pecan cultivars.

GLC results of the methylation procedure are com
pared using fatty acid and triglyceride standards.

Recov

eries ranged from 95 to 99% for the free oleic acid which
indicates almost complete methylation

(Fig.

6

), while in

contrast, the recoveries for the transesterification of tripalmitin to methyl palmitate were quite erratic.

In using

this methylation procedure for both qualitative and quanti
tative analyses

(Plates 2-4), it should be noted that the

incompleteness of the reaction only influenced the total
weight of oil methylated and not the components of the oil.
In computing specific weight values for fatty acids,
Ettre and Kabot

(1963) and Dietz

(1967) have shown that the

relative response of a homologous series of fatty acid
methyl esters on the flame ionization detector can be taken
as weight concentration.

On this assumption, the weight con

centration for an unknown component

(fatty acid methyl ester)

can be calculated by measuring the peak height response of
the unknown component to the ratio of the known weight of
the standard/peak height response of the standard provided
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o = polyunsaturated acids of Silar 10 C

Acid

A= polyunsaturated acids of Apiezon L

37

% Polyunsaturated

33
29
25

0

160

180 200 230 240 260 280 300

Micrograms of tocopherol/gram of oil
Figure 5.

Relationship between gamma tocopherol content and
linoleic and linolenic acid concentrations in 1 0
pecan cultivars
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Recovery of lipid standards
by the BF-j-NaOCH3 procedure
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86

Plate 2.

TLC plate allowing results of the methylation
(BF^-NaOCHj) procedure for fatty acid and trigly
ceride standards.
From left to right (1) oleic
acid ( 2 0 0 yg) standard methylated by BF 3 -NaOCH 3
procedure, (2) TLC Mix 1 (200 yg) containing in
order of increasing Rf: oleic acid, triolein,
methyl oleate, and cholesteryl oleate, (3) tripalmitin (500 yg) standard methylated by the B F 3 -NaOCH 3
procedure.
Solvent:

Petroleum ether-diethyl ether-acetic
acid (80:20:2 v/v/v)
Plate:
0.25 m m Silica gel G
Reagent:
Phosphomolybdate
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Plate 3.

TLC plate showing the methylation of the components
In pecan oil.
From left to right (1) 500 yg pecan
oil, (2) 500 yg pecan oil methylated by the B F 3 NaOCH 3 procedure, (3) TLC Mix 1 containing in order
of increasing R*:
oleic acid, triolein, methyl
oleate, and cholesteryl oleate.
Solvent:

Petroleum ether-diethyl ether-acetic
acid (80:20:2 v/v/v)
Plates:
0.25 m m Silica gel G
Reagent: Phosphomolybdate
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Plate 4.

TLC plate showing the methylation of a triglycer
ide standard.
From left to right (1) TLC Mix 1
containing in order of increasing Rf:
oleic acid,
triolein, methyl oleate, and cholesteryl oleate,
(2) tristearin (500 yg) standard, (3) tristearin
(500 itg) standard methylated by the B F 3 -NaOCH 3 pro
cedure.
Solvent:

Petroleum ether-diethyl ether-acetic
acid (80:20:2 v/v/v)
Plate:
0.25 m n Silica gel G
Reagent:
Phosphomolydate
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both are chromatographed under identical operating condi
tions .
A typical example of thie computation using the
formula described in "Methods" is shown for methyl palmitate in Stuart cultivar.

36---8^

n

-

(iz-2
ta.(s-:^i) *««»^

0) -

methylated

TOmngTmT*

The ratio of each component weight to the sum of the
weights of all components methylated x
by weight of each component

1 0 0

gives the percent

(Table 7).
TABLE 7

Quantitative analysis of fatty acid distribution
for Stuart cultivar

Cultivar identity

Stuart-replicate
Stuart-replicate
Stuart-replicate
Stuart-replicate
Stuart-replicate
Stuart-replicate

I
I
I
I
I
I

(1)
(1)
(1)
(1)
(1)
(1)

Component
identity

Methylated
component
weight

14:0
16:0
19:0
18:1
10:2 + 18:3
20:1

0.242
36.886
19.429
475.112
201.400
2.069

Total

Percent
composition^

yg
yg
yg
yg
yg
yig

0.03
5.02
2.64
64.63
27.40
0.28

735.138 yg/rag
methylated oil

“Percent by weight

Apiezon L was selected as the non-polar stationary
phase for quantitative work because of its proven relia
bility, availability for use, and thermal stability.
phase

This

(Fig. 7) was able to resolve trace quantities of myris-

tic acid and

eicosenoic

acid which were not resolved by
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6 4 .6 3 %

PEAK
1 4 :0

STUART
CULTIVAR

3 -4
- 18:1
- 1 8 :0
-

20:1

3*4
2 7 .4 0 %

0 .0 3 %
0 .2 8 %
2 .6 4 %
48

26

5 .0 2 %

24
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Figure 7.

20

18

14

1

T I M E (MIN.)

Chromatogram showing the separation of fatty
acids in pecan oil on Apiezon L
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Silar IOC.

It should be noted that the unsaturated homolog

was eluted before the saturated parent compound.
disadvantages for its use were

The chief

(1 ) longer analysis time and

(2 ) inability to separate unsaturated esters containing
and 3 double bonds

2

(linoleate and linolenate) which appear

as one peak.
The percent weight

(yg) of nryristic acid quantita

tively determined as an ester from the total component
weight of oil methylated among the 60 pecan oil samples
ranged from 0.02 to 0.05 with the overall mean being 0.037.
The ten cultivar means

(Table 5) ranged from 0.032 i .004

(Desirable and Stuart)

to 0 . 0 4 5 ± .005

cant difference

(p<0.05)

(Candy).

No signifi

was found among replicate analy

ses within individual cultivars

(Appendix, Table G ) , but

the difference among cultivars was highly significant
(p>0.01).

This difference in myristic acid is probably

due to inherent genetic variability among cultivars.
The results of Duncan*s multiple range test

(Table

5) indicated that the myristic acid mean values associated
with the ten cultivars were distributed among four overlap
ping significant

( p>0.05)

groupings.

Correlation studies for myristic
and cis-ll-eicosenoic

(Appendix, Table K)

(Appendix, Table P) acids indicated a

consistently positive association between the r values of
these two oil characteristics in 4 of 10 pecan cultivars.
The percent weight

(yg) of palmitic acid as deter

mined from the total component weight of oil methylated
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a m o n g the 60 pecan oil samples ranged from 4.11 to 6.35
with the overall mean being 5.15.
(Table 5) ranged from 4 . 3 1 ± .16
(Candy).

The ten cultivar means

(Elliot)

No significant difference

to 6 . 2 3 ± .103

(p<0.05) was found

among replicate analyses within individual cultivars, but
the difference among cultivars

(Appendix, Table G) was

highly significant

This difference in palmitic

(p>0.01).

acid is probably due to inherent genetic variability among
cultivars.
The results of Duncan's multiple range test
5) indicated that two palmitic acid mean values,

(Table

6.23 and

4.31, associated with cultivars Candy and Elliot, respec
tively, were significantly different

(p>0.05)

from each

other and from the other palmitic acid values of the other
eight cultivars which were distributed among three signifi
cant ( p>0. 0 5 )

groupings.

Correlation studies for palmitic
and oleic

(Appendix, Table L)

(Appendix, Table N) acids indicated a consistently

negative association between the r values of these two oil
characteristics in 4 of the 10 pecan cultivars.
The percent weight

(ug) of stearic acid determined

from the total component weight of oil methylated among the
60 pecan oil samples ranged from 1.65 to 2.99 with the over
all mean being 2.35.

The ten cultivar means

ranged from 1 . 8 4 ± .11

(j. Wright)

N o significant difference

(Table 5)

to 2 . 8 6 ± .105 (Elliot).

( p<0 . 0 5 ) was found among repli

cate analyses within cultivars, but the difference among
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cultivars

(Appendix, Table G) was highly significant

(p>0.01).

This difference in stearic acid is probably due

to inherent genetic variability among cultivars.
The results of Duncan's multiple range test
5) indicated that one stearic acid mean value,

(Table

2.9, asso

ciated with cultivar Candy was significantly different
(p > 0.05)

from the stearic acid values of the other nine

cultivars which were distributed among four overlapping
significant

(p>0.05)

groupings.

Correlation studies

(Appendix, Table M)

for stearic

acid indicated no consistent association between the r
values of stearic acid and the other oil characteristics of
the

1 0

pecan cultivars.
The percent weight

(yg) of oleic acid determined

from the total component weight of oil methylated among the
60 pecan oil samples ranged from 54.11 to 78.32 with the
overall mean being 68.26.

The ten cultivar means

ranged from 5 5 . 1 4 ± .71 (Candy)
significant difference

(Table 5)

to 7 7 . 1 5 ± .85 (Abel).

No

(p<0 . 0 5 ) was found among replicate

analyses within individual cultivars, but the difference
among cultivars
( p > 0 . 0 1).

(Appendix, Table G) was highly significant

This difference in oleic acid is probably due

to inherent genetic variability among cultivars.
The results of Duncan's multiple range test

(Table

5) indicated that eight oleic acid mean values, 77.2, 74.5,
73.2, 71.1, 66.7, 64.4, 61.3 and 55.1, associated with cul
tivars Abel, Shoshoni, Elliot, Desirable, Davis, Stuart,
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USDA 2450, and Candy, respectively, were significantly dif
ferent

(p>0.05)

from each other and from the oieic acid

values of the other two cultivars which composed the only
significant

(p > 0.05) grouping.

The percent weight

(yg) linoleic + linolenic acid

determined from the total component weight of oil methylated
among the 60 pecan oil samples ranged from 14.06 to 37.19
with the overall mean being 23.89.

The ten cultivar means

(Table 5) ranged from 1 5 . 3 0 ± .85 (Abel) to 3 5 . 8 6 ± .74
(Candy).

No significant difference

(p<0.05)

was found among

replicate analyses within individual cultivars, but the dif
ference among cultivars
nificant (p>0. 0 1 ) .

(Appendix, Table G) was highly sig

This difference in linoleic + linolenic

acids is probably due to inherent genetic variability among
cultivars.
The results of Duncan's multiple range test

(Table

5) indicated that eight linoleic + linolenic acid mean
values, 35.9, 30.7, 27.7, 25.4, 21.6, 19.3, 17.6, and 15.3
associated with cultivars Candy, USDA 2450, Stuart, Davis,
Desirable, Elliot, Shoshoni and Able, respectively, were
significantly different

( p >0.05)

from each other and from

the linoleic and linolenic acid values of the other two
cultivars which composed the only significant

(p > 0.05)

g r o u p i n g.
Correlation studies for oleic
and linoleic + linolenic

(Appendix, Table N)

(Appendix, Table O) acids indicated

a highly consistent negative correlation between the r
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values of these two oil characteristics in 9 of the 10
pecan cultivars.

This high degree of linear association

between these two oil characteristics

(Fig.

8

) indicates

that increases in one characteristic are highly consistent
with decreases in the other characteristic independent of
cultivars or GLC response.
The percent weight

(yg) of cis-ll-eicosenoic

(20:1)

acid determined from the total component weight of oil
methylated among the 60 pecan oil samples ranged from
to 0.45 with the overall mean being 0.31.
means

(Table 5) ranged from 0.267 ± .018

0.393 ± .035

(Shoshoni).

0 , 2 2

The ten cultivar

(Candy) to

No significant difference

(p<0.05)

was found among replicate analyses within individual culti
vars, but the difference among cultivars
was highly significant

( p>0.01).

(Appendix, Table G)

This difference in cis-

ll-eicosenoic acid is probably due to inherent genetic
variability among cultivars.
The results of Duncan's multiple range test indi
cated that one cis-ll-eicosenoic acid mean value,

0.393,

associated with cultivar Shoshoni was significantly differ
ent

(p > 0.05)

from the cis-ll-eicosenoic acid values of the

other nine cultivars which were distributed among four over
lapping significant

(p>0.05)

groupings.

In comparing column performances

(Tables 2 and 5) it

should be pointed out that the percent composition in major
fatty acid components are in close agreement.

This fact

serves to reinforce the reliability of the results obtained.
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.

Linear relationship between oleic and linoleic
acid compositions of the oils from 1 0 pecan
cultivars.
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A comparison of percent fatty acid composition in
Stuart and Shoshoni cultivars is shown in two separate
studies

(Table

8

).

It should be noted that Senter and Hor-

vat (1976) found an average lipid content of 72% and 72% for
the Stuart and Shoshoni cultivar nutmeats harvested in Texas
(1974), while the mean oil content for similar genotypes
(1975) in this study was 69.6% and 74.0%,

respectively.

From this data, it does seem evident that geographical areas
and seasonal variations influence the degree of filling as
indicated by Heaton et al.
The oleic acid
Horvat

(1975).

(18:1) values presented by Senter and

(1976) are 54.1% and 59.6% as compared to 64.4% and

74.5% in this study for cultivars Stuart and Shoshoni, re
spectively.

The higher oleic acid values may be due in part

to the effect of harvest date on the cultivars.
Young

(1970)

Love and

found that pecans harvested from Louisiana cul

tivars in November had a higher oil content and were gener
ally of better quality than those harvested in October or
early December.
In order to make the fatty acid composition of each
cultivar more meaningful in this study, the actual content
of each acid per

1 0 0

(Senter and Horvat,

g pecan nutmeats has been determined
1976)

from the fatty acid components re

solved on the Apiezon L GLC column.

The percent total oil

extracted with petroleum ether was multiplied by the micro
gram percent of each component fatty acid for each cultivar.
The results of these computations are listed in Table 9.
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TABLE 8
Comparison of fatty acid composition of nutmeats
for Stuart and Shoshoni cultivars
grown in Texas (1974) and Louisiana (1975)

Cultivar

Texas cultivar
nutmaats (1974)
GLC analyses
on Carbowax ab

Louisiana cultivar nutmeats (1975)
GLC analyses
GLC analyses
on Apiezon Lce
on Silar IOCcd

Stuart

16:0
16:0
18:1
18:2
18:3
Oil

6.2%
1.7%
54.1%
35.2%
2.8%
72.0%

16:0
18:0
18:1
18:2
18:3
Oil

5.3%
2.1%
63.4%
28.3%
0.8%
69.6%

16:0
18:0
18:1
18.2+18:3
20:1
Oil

5.1%
2.5%
64.4%
27.7%
0.3%
69.6%

Shoshoni

16:0
18:0
18:1
18:2
18:3
oil

5.4%
2.0%
59.6%
30.4%
2.5%
72.0%

16:0
18:0
18:1
18:2
18:3
Oil

4.8%
1.9%
74.8%
17.9%
0.7%
74.0%

16:0
18:0
18:1
18.2+18:3
20:1
Oil

5.1%
2.4%
74.5%
17.6%
0.4%
74.0%

*Data taken from Senter and Horvat (1976).
^Values were normalized from weight results expressed as
g acid/100 g nutmeats in this paper,
c.
Data reported in Table 2.
'Values based on relative percent.
*Values based on percent by weight.

TABLE 9
Fatty acid composition of 10 pecan nutmeat cultivars

Cultivar

Abel
J. Wright
Shoshoni
Barton
Davis
Desirable
Elliot
USDA 2450
Stuart
Candy

(tyristicc

Palmiticc

.027
.028
.032
.029
.024
.023
.026
.024
.022
.031

3.51
4.01
3.77
4.04
3.81
3.37
3.09
3.83
3.52
4.25

Mean valuesa/100
nutmeats
Cis-11Linoleic +
Stearicc
01eicc
Eicosenoicc
Linolenicc
1.91
1.38
1.74
1.49
1.77
1.68
2.05
1.52
1.76
1.68

58.42
52.04
55.14
51.21
48.88
51.23
52.41
42.85
44.82
37.58

11.59
17.19
13.03
16.59
18.61
15.56
13.81
21.43
19.29
24.45

0.267
0.241
0.291
0.204
0.233
0.209
0.238
0.213
0.168
0.182

Total
saturates
5.45
5.42
5.54
5.56
5.60
5.07
5.17
5.37
5.30
5.96

Total
unsaturatea
70.28
69.48
68.46
68.00
67.72
67.00
66.46
64.49
64.30
62.21

aMean (3 triplicates x 2 replicates) analyses/cultivar.
bOry weight basis.
cData from Apiezon L GLC analyses (Table 5).
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Although a statistical analysis was not performed
on these results, the data Indicate that the largest fluc
tuations occurred between the oleic acid and linoleic +
linolenic acids among cultivars.
The good negative consistency between oil content
and total unsaturates among cultivars is probably due to
the high linear correlation which exists between oleic and
linoleic + linolenic acids

(Fig.

8

).

Oil characteristics of pecans were studied by deter
mining the correlation coefficients

(Appendix, Table Q) of

replicate mean values from the 10 pecan cultivar nutmeats.
Although the r values for iodine number and pal
mitic acid were not consistent for individual cultivar oils
in the correlation studies, the data presented

(Table Q)

for pecan oil indicated a highly consistent positive asso
ciation between the two oil characteristics.

An examina

tion of the mean values associated with these oil character
istics indicated two distinct groups.

Generally, one group

of means was greater in size than the other group of means
and for this reason a correlation between the groups did
exist.

The disparity of results must be due to sample size

since a total of

6

observations

(2 replicates x 3 tripli

cates) was tested for each cultivar oil, whereas
tions

( 2

replicates x

1 0

2 0

observa

cultivars) were used in correlation

studies for pecan oil.
The r values for iodine number and oleic acid indi
cated a highly consistent negative assocation between these
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two oil characteristics in pecan oil.

This association was

not manifested in the individual cultivar oil correlation
studies due to a small sample size.
The r values for iodine number and oil content in
dicated a highly consistent negative association between
these two oil characteristics.

When mean values

for these characteristics were ranked by size,

(Table 2)

this asso

ciation was reflected in 7 of the 10 pecan cultivars.
The r values for iodine number and both linoleic
and linolenic acids indicated a highly consistent positive
association between these two oil characteristics in pecan
oil.

This association was not manifested in the individual

cultivar oil correlation studies due to a small sample
size.
The r values for the free fatty acid and gamma to
copherol showed no consistent association with the other
oil characteristics in pecan oil.
The r values for palmitic acid and oleic acid showed
a highly consistent negative association between these two
oil characteristics in pecan oil.

In correlation studies

for individual cultivars, this association was found in 4 of
the

1 0

cultivar oils.
The r values for palmitic acid and both linoleic and

linolenic acids indicated a highly consistent positive asso
ciation between these oil characteristics in pecan oil.
This association, however, was not manifested in the indi
vidual cultivar oil correlation studies due to a small
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sample size.
The r values for stearic acid and linolenic acid
indicated a consistently positive association between these
two oil characteristics in pecan oil.

This association

was not manifested in the individual cultivar oil correla
tion studies due to a small sample size.
The r values for oleic acid and linoleic acid indi
cated a highly consistent negative association between these
two oil characteristics in pecan oil.

In correlation

studies for individual cultivars, this association was found
in

8

of the

1 0

cultivar oils.

The r values for oleic acid and linolenic acid indi
cated a highly consistent negative association between these
two oil characteristics in pecan oil.

This association was

not manifested in the individual cultivar oil correlation
studies due to a small sample size.
The r values for oleic acid and oil content indi
cated a highly consistent positive association between these
two characteristics in pecan oil.
2

When mean values

(Table

) for these characteristics were ranked by size, this asso

ciation was found in

6

of the

1 0

pecan cultivars.

The r values for linoleic acid and linolenic acid
indicated a highly consistent positive association between
these two oil characteristics in pecan oil.

This associa

tion was not manifested in the individual cultivar oil cor
relation studies due to a small sample size.
The r values for linoleic acid and oil content
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Indicated a highly consistent negative association between
these two oil characteristics In pecan oil.
values

When mean

(Table 2) for these characteristics were ranked by

sl 2 e, this association was reflected in

6

of the

1 0

pecan

cultivars.
The r values for linolenic acid and oil content in
dicated a highly consistent negative association between
these two oil characteristics in pecan oil.
values

When mean

(Table 2) for these characteristics were ranked by

size, this association was reflected in

6

of the

1 0

pecan

cultivars.
The significance of these correlations among oil
characteristics indicates that the quality of the nutmeats
can be characterized by their oil content.
Generally, an increase in oil content is paralleled
by a more saturated oil as shown by a decrease in the iodine
number.

Such an oil would be of high edible quality and

give better storage stability.

A decrease in oil content is

accompanied by an increase in both linoleic and linolenic
acids which give rise to an increase in the iodine number.
An oil of this type would be of lesser edible quality and
be more susceptible to rancidity.
In the metabolism associated with oil synthesis,
indications are that oleic acid increases at the expense of
palmitic acid.

Conversely, as more unsaturated acids are

synthesized, the level of palmitic acid increases.

Stearic

acid levels increase concomitantly with linolenic acid
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increases.

There is apparently no connection between the

synthesis of gamma tocopherol and fatty acid synthesis, and
it appears that the free fatty acid content is not in
fluenced by the other oil characteristics.

SUMMARY
A comparison of oil characteristics was made among
10 Louisiana pecan cultivars for the purpose of relating
chemical composition to nutmeat quality.
The pecan nutmeats used in the study were identi
fied by cultivar as Stuart, Barton, USDA 2450, Shoshoni,
Candy, Abel, J. Wright, Elliot, Desirable, and Davis.
Oil characteristics measured on individual pecan
nutmeats were oil content, iodine number,
sition,

fatty acid compo

and gamma tocopherol.
Statistical analyses were performed on the data to

determine,

first, the significant differences in oil char

acteristics among cultivars, and second, to measure the
correlations between oil characteristics and cultivars.
A summary of the results is listed below:
1.

This investigation revealed wide genetic varia

bility among cultivars with respect to all individual oil
characteristics.

These differences were apparently inherent

since all cultivars were sampled at physiological maturity
from the same orchard during the same harvest season.
2.

Oil content ranged from 68.03% to 77.07% among

cultivar nutmeats and generally, a highly consistent nega
tive correlation existed between oil content and iodine
number.

Studies indicated that Abel had the highest oil
105
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content

(75.72%)

and lowest iodine number (90.7) while

Candy had the lowest oil content
iodine number
3.

(68.17%)

and highest

(107.3).

Free fatty acid values were not correlated with

any of the other oil characteristics.
4.

Fatty acid composition of individual cultivars

was qualitatively determined on a polar 10% Silar 10C sta
tionary phase and quantitatively determined on a non-polar
Apiezon L stationary phase.

The results for both GLC col

umns were in close agreement for major fatty acids resolved.
Myristic, palmitic, stearic, oleic, linoleic,

linolenic,

and cis-ll-eicosenoic were the seven fatty acids identified
as their methyl esters.
5.

The major saturated fatty acids in pecan oil

were palmitic acid and stearic acid.

Candy differed from

the other nine cultivars in having significantly

(p > 0.05)

higher concentrations of these acids.
6

.

Trace amounts of myristic and cis-ll-eicosenoic

acids were detected only on the Apiezon L GLC phase.
7.

Oleic and linoleic acids composed greater than

90% of the fatty acid composition in pecan oil.

Correla

tion studies indicated a high linear degree of association
between oleic acid and linoleic acid, where increases in
one characteristic were highly consistent with decreases in
the other characteristic independent of cultivars, size of
sample, or GLC response.
8

.

High oil content and oleic acid values for the
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cultivars indicated exceptionally well-filled kernels and
can be attributed to the date of harvest and age of the
tree.
9.
less than

Linolenic acid values generally accounted for
1

10.

% of the fatty acid composition in pecan oil.
Gamma tocopherol levels ranged from 145 yg/g

oil to 300 wg/g oil among the cultivar oil samples.
had the highest gamma tocopherol concentration

Elliot

(293.3)

while Abel had the lowest gamma tocopherol concentration
(161.7).
11.

There was no correlation between gamma tocophe

rol concentration and percent polyunsaturated acids, and
therefore,

its role as an antioxidant in pecan oil must be

of secondary importance.
12.

The quality and potential stability of the

pecan oils can be directly related to their oil composi
tion.

Of the 10 cultivars studied, an increase in oil con

tent generally was paralleled by an increase in oleic acid
as shown by a lower iodine number.

Nutmeats that were high

in oil should also be high in flavor and have better keep
ing qualities.

In contrast, a decrease in oil content was

accompanied by an increase in polyunsaturated acids which
resulted in a higher iodine number.

An oil of this type

should possess less flavor and be more susceptible to
rancidity.
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TABLE A
Analyses of variance for relative percent fatty acid
composition in 1 0 pecan nutmeat cultivars
Coaiponant

Source Variation

D.F.

M.S.

F Value

Palmitic
Acid

Cultivar
Replicata/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

7.0938
0.0798
0.2540
1.2678

86.8737**
27.9317**
0.3143

Stearic
Acid

Cultivar
Replicate/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

0.4081
0.0356
0.0233
0.0641

11.4046**
17.5428**
1.5382

Olaic Acid

Cultivar
Replicate/Cultivar
Triplicate/Cultivar
Corrected Total

9
10
40
59

484.5164
1.6400
1.6706
75.3199

295.4314**
290.0184**
0.9817

Linolaic
Acid

Cultivar
Replicate/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

359.6933
1.2273
0.7289
55.5707

293.0741**
493.4550**
1.6837

Linolanic
Acid

Cultivar
Replicate/Cultivar
Triplicate/Cultivar
Corrected Total

9
10
40
59

0.7892
0.0249
0.0395
0.1514

31.6826**
19.9787**
0.6306

•Significant at the 5% laval.
••Significant at the 1% laval.
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TABLE B
C o r r e l a t i o n c o e f f i c i e n t s for p a l m i t i c a c i d
in 10 p e c a n n u t m e a t c u lt iva rs
N - 6
Palmitic

Stearic

Oleic

.221
-.268
.671
.437
.521
.790
.143
.356
-.344
.466

.517
.067
-.562
-.651
-.983**
-.810*7
-.789
-.932**
-.019
-.834*

Linoleic

Linolenic

Palmitic Acid
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Stuart
Barton
USDA 2450
Shoshoni
Candy
Abel
Elliot
J. Wright
Desirable
Davis

+
+
+
+
+
+
+
+
+
+

-.696
-.723
.265
.491
.966**
-.395
.663
.785
-.366
.356

-.071
.085
.039
.037
.739
.019
.181
-.727
.436
.562

Critical Values, 4 d.f.
r - .811* (significant at the 5% level)
r « .917** (significant at the 1* level)

TABLE C
C o r r e l a t i o n c o e f f i c i e n t s for st e a r i c a c i d
in 10 p e c a n n utmeat . c u l t i v a r s
N » 6
Palmitic

Stearic

oleic

Linoleic

Linolenic

.211
-.268
.671
.437
.521
.790
.143
.356
-.344
.466

+
+
+
+
+
+

.787
.271
.022
-.313
-.615
-.706
-.269
-.400
.313
-.215

-.761
.136
-.247
.152
.583
-.418
.440
.265
.004
-.218

.396
-.628
.717
.270
-.030
-.038
-.819*
-.608
-.771
.705

Stearic Acid
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Stuart
Barton
USDA 2450
Shoshoni
Candy
Abel
Elliot
J. Wright
Desirable
Davis

+
+

+
+

Critical Values, 4 d.f.
r - .811* (significant at the 5% level)
r « ,917** (significant at the 1% level)
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TABLE D
Correlation coefficients for oleic acid
in 1 0 pecan nutmeat cultivars
N Palmitic

6

Stearic

Oleic

Linoleic

Linolenic

+
+
+
+
+
+
+
+
+
+

-.960**
-.598
-.941**
-.968**
-.993**
-.178
-.967**
-.930**
-.835*
-.808*?

.172
-.727
.685
-.117
-.702
-.539
-.253
.664
-.287
-.620

Oleic Acid
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Stuart
Barton
USDA 2450
Shoshoni
Candy
Abel
Elliot
J. Wright
Desirable
Davis

.517
.067
-.562
-.651
-.983**
-.810*?
-.789
-.923**
-.019
-.834*

.787
.271
.022
-.313
-.615
-.706
-.269
-.400
.313
-.215

Critical Values, 4 d.f.
r * .811* (significant at the 5* level)
r - .917** (significant at the 1% level)

TABLE E
Correlation coefficients for linoleic acid
in 10 pecan nutmeat cultivars
N - 6
Palmitic

Stearic

Oleic

-.761
.126
-.347
.152
.583
-.418
.440
.265
.004
-.218

-.960**
-.598
-.941**
-.968**
-.993**
-.178
-.967**
-.930**
-.835*
-.808*?

Linoleic

Linolenic

+
+
+
+
+
+
+
+
+
+

-.261
.086
-.868*
-.037
.706
.796
.066
-.681
-.238
.373

Linoleic Acid
1 .
2.
3.
4.
5.
6.
7.
e.
9.
10.

Stuart
Barton
USDA 2450
Shoshoni
Candy
Abel
Elliot
J. Wright
Desirable
Davis

-.696
-.723
.265
.491
.966**
-.395
.663
.785
-.366
.356

Critical Values, 4 d.f.
r ■ .611* (significant at the 5% level)
r “ .917** (significant at the 1% level)
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TABLE F
Correlation coefficients for linolenic acid
in 1 0 pecan nutmeat cultivars
N *
Palmitic

6

Stearic

Oleic

Linoleic

Linolenic

.396
-.628
.717
.270
-.030
-.038
-.819*
-.608
-.771
.705

.172
-.727
.685
-.117
-.702
-.539
-.253
.684
-.287
-.620

-.261
.086
-.868*
-.037
.706
.796
.066
-.681
-.238
.373

+
+
+
+
+
+
+
+
+
+

Linolenic Acid
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Stuart
Barton
USDA 2450
Shoshoni
Candy
Abel
Elliot
J. Wright
Desirable
Davis

-.071
-.085
.039
.037
.739
.019
.181
-.727
.436
.562

Critical Values, 4 d.f.
r “ .811*
{significant at the 5% level)
r “ .917** (significant at the 1% level)
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TABLE G
Analyses of variance for oil characteristics
in 1 0 pecan nutmeat cultivars
Source of Variation

D.F.

H.S.

P Value

Iodine
Number

Cultivar
Replicate/Cultivar
Triplica te/Cult ivar
Corrected Total

9
10
40
59

256.5202
0.5381
0.3138
39.4342

476.7398**
817.4379**
1.7146

Free Fatty
Acid

Cultivar
Replicate/Cultivar
Triplicate/Cultivar
Corrected Total

9
10
40
59

0.0056
0.0015
0.3138
39.4342

Ganna
Tocopherol

Cultivar
Replicate/Cultivar
Triplicate/Cultivar
Corrected Total

9
10
40
59

15229.6759
248.7500
400.000
2636.5184

Hyrietic
Acid

Cultivar
Replicate/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

Palmitic
Acid

Cultivar
Replicate/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

1.7691
0.0298
0.0168
0.2863

59.3658**
105.3036**
1.7738

Stearic
Acid

Cultivar
Replicate/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

0.4881
0.0433
0.0555
0.1195

11.2645**
8.7864**
0.7800

Oleic Acid

Cultivar
Replicate/Cultivar
Triplicate/Cultivar
Corrected Total

9
10
40
59

260.8522
0.6804
0.7048
40.3842

383.3807**
370.1081**
0.9654

Linoleic and
Linolenic
Acids

Cultivar
Replicate/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

232.5283
0.4020
0.5302
35.8980

578.5006**
438.5671**
0.7581

Eicosenoic
Acid

Cultivar
Repl1cate/Cultivar
Triplicata/Cultivar
Corrected Total

9
10
40
59

0.0095
0.0003
0.0012
0.0023

31.6667**
7.9167**
0.2500

Component

•Signifleant at the 5% level.
••Significant at the 1% level.

.000129
.000030
.000035
.000049

3.6878*
3.1439*
1.7146
61.2248**
38.0742**
0.6219

4.3000**
3.6857**
0.8571

TABLE H
Correlation coefficients for free fatty acid in 10 pecan nutmeat cultivars

N = 6
Iodine

Free
Fatty
Acid

1. Stuart

-.335

+

2. Barton

.511

+

3. USDA 2450

.274

Linoleic
+
Linolenic

Myristic

Palmitic

Stearic

-.621

-.759

-.688

-.049

.038

.077

-.416

-.078

.221

.176

+

-.248

.351

-.144

-.214

.184

-.161

.275

-.529

+

-.065

.109

-.343

.495

-.222

.164

-.086

.605

+

.166

.004

-.437

.302

-.838*

-.511

6. Abel

-.443

+

.347

.368

-.493

-.324

-.408

.684

-.294

7. Elliot

-.432

+

.326

.856*

.348

.789

-.878*

.874*

-.004

8. J. Wright

.602

+

-.350

-.106

-.462

.080

.716

-.792

-.297

9. Desirable

.469

+

-.443

-.197

.043

.160

-.056

.036

-.182

.071

+

-.609

.120

.580

-.059

-.486

.412

-.038

Tocopherol

Oleic

Eicosenoic

Free Fatty Acid

4. Shoshoni
5. Candy

10. Davis

.804*?

Critical Values, 4 d.f.
r ■ .811* (significant at the 5% level)
r “ .917** (significant at the 1% level)

.897*

.856*

-.802*?

-.456

TABLE I
Correlation coefficients for iodine number in 10 pecan nutmeat cultivars
N = 6

Iodine

Free
Fatty
Acid

1. Stuart

+

2. Barton

Linoleic
+
Linolenic

Tocopherol

Myristic

Palmitic

-.335

.047

-.142

.076

.128

-.152

.151

.148

+

.511

-.749

.539

.178

.064

.069

-.148

.238

3. USDA 2450

+

.274

.165

.333

-.270

.220

.387

-.591

-.059

4 . Shoshoni

+

-.529

.493

-.246

.077

.417

.421

-.504

.145

5. Candy

+

.605

.134

-.078

-.254

.616

.206

-.349

-.251

6. Abel

+

-.443

-.005

.100

.422

-.435

.154

-.053

.071

7. Elliot

+

-.432

-.569

-.075

-.343

-.793

.752

-.730

.883*

8. J. Wright

+

.602

.169

-.032

-.185

.253

.319

-.464

.292

9. Desirable

+

.469

-.421

-.624

-.585

.078

.463

-.461

-.582

+

.071

.252

-.164

-.110

.270

.233

-.352

.088

Stearic

oleic

Eicosenoic

Iodine Number

10. Davis

Critical Values, 4 d.f.
r - .811* (significant at the 5% level)
r - .917** (significant at the 1% level)

TABLE J
Correlation coefficients for gamma tocopherol in 10 pecan nutmeat cultivars
N - 6

Iodine

Free
Fatty
Acid

Tocopherol

Myristic

Palmitic

Stearic

Oleic

Linoleic
+
Linolenic

Eicosenoic

Ga— a
Tocopherol
1. Stuart

.047

+

-.447

-.648

-.254

2. Barton

-.749

-.049

+

-.420

.047

-.353

3. USDA 2450

.165

-.248

+

.070

.093

4. Shoshoni

.493

-.065

+

-.175

5. Candy

.134

.166

+

6. Abel

-.005

.347

7. Elliot

-.569

8. J. Wright
9. Desirable
10. Davis

.828*

-.913**

0.00

-.149

.291

-.156

.528

-.168

-.004

.715

.487

.615

-.363

.226

-.026

.000

-.101

-.017

.294

-.246

-.074

+

.707

.405

.206

-.928**

.709

.169

.326

+

.250

.881*

.588

-.628

.500

-.500

.169

-.350

+

-.447

.691

-.150

-.370

.325

-.057

-.421

-.443

+

-.316

-.408

.275

.374

-.427

.000

.252

-.609

+

-.707

-.786

-.554

-.346

.125

-.449

.804*7

Critical Values, 4 d.f.
r - .811* (significant at the 5% level)
r * .917** (significant at the 1% level)

TABLE K
Correlation coefficients for myristic acid in
N =

1 0

pecan nutmeat cultivars

6

Linoleic
+
Linolenic

Iodine

Free
Fatty
Acid

Tocopherol

Myristic

Palmitic

1. Stuart

-.142

-.620

-.447

+

.349

.612

-.374

.184

.775

2. Barton

.539

.038

-.420

+

-.336

.548

-.401

,279

.810*?

3. USDA 2450

.333

.351

.707

+

-.395

-.025

.366

-.450

.590

4. Shoshoni

-.246

.109

-.175

+

.438

-.261

.043

-.076

.922**

5. Candy

-.078

.004

.000

+

.889*

.418

-.013

-.263

.834*

.010

.368

.707

+

.497

-.153

-.617

.536

.418

.856*

.250

+

.232

.551

-.700

.716

.250

.842*

-.415

.212

.794

-.911**

.935**

.775

Stearic

Oleic

Eicosenoic

Myristic Acid

6. Abel
7. Elliot

-.075

B. J. Wright

-.032

-.106

-.447

+

.014

9. Desirable

-.624

-.197

-.316

+

.943**

-.164

.120

-.707

+

.856*

10. Davis

Critical Values, 4 d.f.
r ■ .811* (significant at the 5% level)
r ■ .917** (significant at the 1% level)

-.098
.795

-.545

-.128

.934**

TABLE L
Correlation coefficients for palmitic acid in 10 pecan nutmeat cultivars
N *= 6
Linoleic
+
Linolenic

Iodine

Free
Fatty
Acid

Tocopherol

Myristic

Palmitic

1. Stuart

.076

-.759

-.648

.349

+

.707

-.933**

.799

2. Barton

.178

.077

.047

-.336

+

-.806*7

.885*

-.847*

3. USDA 2450 -.270

-.144

.093

-.395

+

.595

-.966**

.932**

.323

.077

-.343

.487

.438

+

-.255

-.617

.568

.420

-.254

-.437

-.101

.889*

+

.261

-.454

.185

.975**

.422

-.493

.405

.497

+

-.002

-.432

.169

.220

7. Elliot

-.343

.348

.881*

.232

+

.536

-.476

.300

-.224

8. J. Wright

-.185

-.462

.691

.014

+

-.007

-.829*

.770

.085

9. Desirable

-.585

.043

-.408

.943**

+

-.261

-.844*

.876*

.792

-.109

.580

-.786

.956*

+

.553

.243

.759

Stearic

Oleic

Eicosenoic

Palaitic Acid

4. Shoshoni
5. Candy
6. Abel

10. Davis

Critical Values, 4 d.f.
r * .811* (significant at the 5% level)
r * .917** (significant at the 1% level)

.802*7

.101
-.773

TABLE M
Correlation coefficients for stearic acid in 10 pecan nutmeat cultivars
N - €
Linoleic
+
Linolenic

Iodine

Free
Fatty
Acid

Tocopherol

Myristic

Palmitic

Stearic

Oleic

1. Stuart

.128

-.688

-.648

.612

.707

+

-.642

.325

.724

2. Barton

.064

-.416

-.353

.548

-.806*?

+

-.726

.559

.681

3. USDA 2450

.220

-.214

.528

-.025

.595

♦

-.672

.431

.587

4. Shoshoni

.417

.495

.615

-.261

-.255

+

.096

-.244

-.096

5. Candy

.616

.302

-.017

.418

.261

+

.178

-.515

.364

6. Abel

-.435

-.324

.206

-.153

-.002

+

-.080

-.410

.538

7. Elliot

-.793

.789

.588

.551

.536

+

-.912**

8. J. Wright

.253

.080

-.150

-.007

+

-.195

-.106

.739

9. Desirable

.078

.160

.275

-.098

-.261

+

-.259

.173

-.322

.270

-.059

-.554

.795

.553

+

-.068

-.620

Eicosenoic

Stearic Acid

10. Davis

.842*

Critical Values, 4 d.f.
r - .811* (significant at the 5% level)
r ■ .917** (significant at the 1% level)

.854*

-.551

.812*

TABLE N
Correlation coefficients for oleic acid in 10 pecan nutmeat cultivars
N « 6

Iodine

Free
Fatty
Acid

Tocopherol

Linoleic
+
Linolenic

Myristic

Paladtic

Stearic

Oleic

-.374

-.933**

-.642

+

-.932**

-.134

.855*

-.726

+

-.972**

-.807

-.672

+

-.957**

.452

Eicosenoic

Oleic Acid
1. Stuart

-.158

2. Barton

.069

-.078

-.149

-.401

3. USDA 2450

.387

.184

-.168

.366

-.966**

4. Shoshoni

.421

-.222

-.363

.043

-.617

.096

+

-.984**

.267

5. Candy

.206

.294

-.013

-.454

.178

+

-.925**

-.476

6. Abel

.154

-.408

-.928**

-.617

-.432

-.080

+

-.845*

.129

7. Elliot

.752

-.878*

-.628

-.700

-.476

-.912**

+

-.981**

.433

8. J. Wright

.319

,716

-.370

-.415

-.829*

-.195

+

-.946**

-.491

9. Desirable

.463

-.056

.374

-.911**

-.844*

-.259

+

-.996**

-.561

.233

-.486

.346

-.545

-.802*?

-.068

+

-.737

-.532

10. Davis

.897*

.856*

.828*

Critical Values, 4 d.f.
r - .811* (significant at the 5% level)
r - .917** (aignificnat at the 1% level)

TABLE 0
Correlation coefficients for linoleic + linolenic acids
in 10 pecan nutmeat cultivars
N - 6

Iodine

Free
Fatty
Acid

Linoleic
+
Linolenic

Eicosenoic

-.932**

+

-.146

.559

-.972**

+

.758

.431

-.957**

+

.326

Stearic

Tocopherol

Myristic

Palmitic

-.802*7

-.913**

.184

.799

.325

-.847*

Oleic

Linoleic +
Linolenic Acids
1. Stuart

.151

2. Barton

-.148

.221

.291

.279

3. USDA 2450

-.591

-.161

-.004

-.450

.932**

4. Shoshoni

-.504

.164

.226

-.076

.568

-.244

-.984**

+

-.330

5. Candy

-.349

-.838*

-.246

-.263

.185

-.515

-.925**

+

.183

6. Abel

-.053

.684

.709

.536

.169

-.410

-.845*

+

-.476

7. Elliot

-.730

.874*

.500

.716

.300

-.981**

+

-.406

8. J. Wright

-.464

-.792

.326

.212

.770

-.106

-.946**

+

.302

9. Desirable

-.461

.036

-.427

.935**

.876*

.173

-.996**

+

.583

-.352

.412

.125

-.737

+

-.141

10. Davis

-.128

Critical Values, 4 d.f.
r - .811* (significant at the 5% level)
r ■ .917** (significant at the 1% level)

.243

.854*

-.620

TABLE P
Correlation coefficients for cis-ll-eicosenoic acid in 10 pecan nutmeat cultivars
N - 6

Oleic

Linoleic
+
LinolenJ

,724

-.134

-.146

-.773

.681

-.807*?

.758

.590

.323

.587

-.452

.326

-.026

.922**

.420

-.096

.267

-.330

-.511

-.074

.834*

.975**

.364

.476

.183

.071

-.294

, .169

.418

.221

.538

.129

-.476

7. Elliot

.883*

-.004

-.500

.250

-.224

-.551

.433

-.406

8. J. Wright

.292

-.297

-.05»

.794

.085

.739

-.491

.302

9. Desirable

-.582

-.182

.000

.775

.792

-.322

-.561

.583

.088

-.038

-.449

.934**

.759

-.812*

-.532

-.141

Iodine

Free
'atty
Acid

Tocopherol

Myristic

Palmitic

1. Stuart

.148

-.456

.000

.775

.101

2. Barton

.236

.176

-.156

-.059

.275

.715

.145

-.086

-.251

6. Abel

Stearic

Eicosenoic Acid

3. USDA 2450
4. shoshoni
5. Candy

10. Davis

Critical Values, 4 d.f.
r * .811* (significant at the 5% level)
r ■ .917** (significant at the 1% level)

.810*?

Eicosenoic

TABLE Q
Correlation coefficients for oil characteristics in pecans
N = 20

Iodine

Free
Fatty
Acid

Tocopherol

Oleic

Linoleic

.199

-.901

.915**

-.370

-.029

-.066

.142

-.248

-.435

Paladtic

Stearic

Linolenic

Oil

+

.180

.038

Free Fatty
Acid

.180

+

.323

Tocopherol

.038

,323

+

.208

.314

-.169

.151

.117

-.171

Paleitic

.651**

-.370

.208

+

.433

-.788**

.717**

,855**

-.354

Stearic

.189

-.029

.314

.433

+

-.385

.327

.512

-.413

-.901**

-.066

-.169

-.788**

-.385

+

-.993**

-.886**

.736**

Linoleic

.915**

.142

.151

.717**

.327

-.993**

+

.842**

-.766**

Linolenic

.675**

-.248

.117

.855**

.512*

-.886

-.749**

-.435

-.171

Iodine

Oleic

Oil

.651**

-.354

Critical Values, 18 d.f.
r - .444* (significant at the 5% level)
r “ .561** (significant at the 1% level)

-.413

.736**

.842**
-.766**

.675**

+
-.499*

-.749**

-.499
+
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TABLE R
Calculations for iodine constant
Iodine number is defined as the number of grains I 2
(IC1, IBr, etc.)

adsorbed

21 + R.

i

by 100 grams of fat

- CH * CH - R_

= R,- CH - CH

ii

I
Theoretically if 253.86 g
296.28 g

2

TPfl2

8

“

- R~

I

(126.93 x 2) is adsorbed by

Me 18:la , then

2

S 3x ~8

6

0r x *

8 5 * 6 8

9 z 2 is adsorbed

1 0 0

using this principle for
Me 18:2**, then
Me 18:3°, then
Me 20:ld , then

(100)(507.72)

294.TS--(100) (761.58)

292734--(100)(253.86)

324.55---

- 172.54 g I 2
* 260.60 g I 2
- 78.22 g I 2

aDenotes methyl oleate.
^Denotes methyl linoleate.
cDenotes methyl linolenate.
^Denotes methyl cis-ll-eicosenoate.

9 A b 

132
TABLE S
Theoretical iodine number computed from Silar IOC data
Cultivar
1. Stuart

Acid

GLC Factor

Oleic
Linoleic
Linolenic

.6344
.2833
.0082

* 2

X
X
X

Constant
85.68
172.54
260.60

Total
.
■
m

54.35
48.88
2.13

T35.T6
2. Barton

Oleic
Linoleic
Linolenic

.8079
.1301
.0009

X
X
X

85.68
172.54
260.60

.

■
*

69.22
22.45
0.23

"91.90
3. USDA 2450

Oleic
Linoleic
Linolenic

.6011
.3213
.0085

X
X
X

85.68
172.54
260.60

*
a

51.50
55.44
2 . 2 2

11)9.16
4. Shoshoni

Oleic
Linoleic
Linolenic

.7475
.1794
.0068

X
X
X

85.68
172.54
260.60

=
=
c

64.05
30.95
1.77

“9'6.77
5. Candy

Oleic
Linoleic
Linolenic

.5198
.3624
.0154

X
X
X

85.68
172.54
260.60

m
-

44.54
62.53
4.01

ni.ffff
6

. Abel

Oleic
Linoleic
Linolenic

.8032
.1227
.0054

X
X
X

85.68
172.54
260.60

at
m
a

68.82
21.17
1.39

9T.3F
7. Elliot

Oleic
Linoleic
Linolenic

.7136
.2141
.0064

X
X
X

85.68
172.54
260.60

.
*
K

61.14
36.94
1.65

99773
8

. J. Wright

Oleic
Linoleic
Linolenic

.6849
.2285
.0084

X
X
X

85.68
172.54
260.60

«
m

58.68
39.43
2.19

TOO.30
9. Desirable

10. Davis

Oleic
Linoleic
Linolenic

.7233
.2063
.0063

X
X
X

Oleic
Linoleic
Linolenic

.6579
.2493
.0091

X
X
X

85.68
172.54
260.60
85.68
172.54
260.60

m
m
m

61.97
35.60
1.65

99717
■
m

56.37
43.00
2.37
101.74
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TABLE T
Theoretical Iodine number computed from Apiezon L data
Cultivar
1. Stuart

Acid
Oleic
Linoleic
Eicosenoic

GLC Factor
.6440
.2772
.0027

1 2

X
X
X

Constant
85.68
172.54
78.22

Total
.
■

m

55.18
47.83
0 . 2 1

I'ffJTT?
2. Barton

3. USDA 2450

Oleic
Linoleic
Eicosenoic

.6964
.2253
.0028

Oleic
Linoleic
Eicosenoic

.6134
.3068
.0031

X
X
X

85.68
172.54
78.22

m
*
B

59.67
38.87
0 . 2 2

W.T5
X
X
X

85.68
172.54
78.22

X
X

52.56
52.94
0.24

105.74
4. Shoshoni

Oleic
Linoleic
Eicosenoic

.7451
.1762
.0039

X
X
X

85.68
172.54
78.22

X
X

63.84
30.40
0.31

94.55
5. Candy

Oleic
Linoleic
Eicosenoic

.5514
.3587
.0027

X
X
X

85.68
172.54
78.22

X

X
X

47.24
61.89
0 . 2 1

109.34
6

. Abel

Oleic
Linoleic
Eicosenoic

.7715
.1530
.0035

X
X
X

85.68
172.54
78.22

X

6 6 . 1 0

X

26.40
0.28

X

"92".78
7. Elliot

Oleic
Linoleic
Eicosenoic

.7319
.1928
.0033

X
X
X

85.68
172.54
78.22

X
X
X

62.71
33.26
0.26

9T.23
8

. J. Wright

9. Desirable

Oleic
Linoleic
Eicosenoic

.6449
.2295
.0032

Oleic
Linoleic
Eicosenoic

.7108
.2159
.0029

X
X
X

85.68
172,54
78.22

X
X
X

55.26
39.60
0.25

95.11
X
X
X

85.68
172.54
78.22

X
X
X

60.90
37.25
0 . 2 2

98.37
10. Davis

Oleic
Linoleic
Eicosenoic

.6667
.2538
.0032

X
X
X

85.68
172.54
78.22

X
X
X

57.12
43.79
0.25

n o
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TABLE U
Diazotization of O-diansidine Re a ge n t;
Dissolve 0.500 g of o-diansidine dihydrochloride In
60 ml distilled water.
1.19) and mix well.
NaN 0

2

Add

6

ml concentrated HCl

(s.p. gr.

Add 12 ml freshly prepared 5% aqueous

followed by mixing thoroughly for 5 mln.

Then add 12

ml freshly prepared 5% aqueous urea solution and mix until
effervescence ceases.

Add contents to a low actinic reagent

bottle and let stand at room temperature 24 hr.

Keep

reagent refrigerated after use and discard solution after
2

wk.

Preparation of Adsorbent Layer on TLC P l a t e s ;
Select five 20 x 20 cm matching and smooth plates
which have been washed in soapy water, rinsed with dis
tilled water, and cleaned with 95% ethanol.
on a leveling board.

Position snugly

Position TLC applicator, trough open,

with the left edge 1/4" in from the edge of the first plate
to be coated.

Weigh 30 g silica gel G or silica gel GF-254

into a 250 ml Erlenmeyer flask.

Add 55 or 58 ml distilled

water to the gel, stopper flask, and shake vigorously 15-20
seconds.

Immediately pour slurry into TLC applicator, ro

tate chamber trough, grasp applicator sides, and pull with
a steady motion across the series of plates.

The process

should take 5-6 sec.
Remove the applicator and let the plates dry 15-20
min.

Remove the plates and slide them into a drying rack*

Place the rack in a forced draft oven at 100°C for 30-45
min.

Remove the plates and cool in a drying cabinet layered

with Driete.

The plates will keep several wk.

Zf necessary,

place them in an oven 15-20 min to activate before using.
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TABLE V
Equipment listed
(1)

Automatic pecan cracker equipped with adjustable screw
designed to crack 80 nuts/min. (Meyer Machine company)

(2 )

Magnetic stirrer-hot plate

(3)

22 x 80 m m Whatman cellulose extraction thimbles

(4)

Magnetic stirring bar

(5)

Vacuum desiccator

(6 )

Forced air circulating oven model 625
Scientific)

(7)

Aluminum pans

(8)

Classifying screen

(9)

Kraft heavy duty paper bags

(Corning)

(Corning)
(Precision

(10" x 6-3/4" x 1-1/4")

(10)

Virtis "45" homogenizer with 250 ml flasks

(11)
(12 )

Stainless-steel spatula and scalpel

(13)

Goldfisch fat extraction apparatus
tific)

(14)

Portable pressure-vacuum p u m p , model 1-094

(15)

Balances:

(16)

Rinco rotating evaporator

(17)

Unitized extraction assembly for saponification —
heating elements (Precision 65500)

(18)

Vortex mixer

(19)

Ring stands, rings and clamps

(20)
(21)

pH meter

(22)

TLC apparatus including:
(a)
2 0
x 2 0 cm matched glass plates
(b)
spotting template
(c)
blotter paper
(d) masking tape
(e)
Thomas-Mitchell tank with trough
(f) drying rack with cabinet
(g) TLC adjustable spreader

Scientific Forma-Vac vacuum oven

(Fischer)
(Fischer Scien
(Fischer)

Rough— Mettler, 0.1 g divisions
Analytical— Satorious, 0.001 g divisions
(Sargent-Welch)

(Scientific Products)

(Coming)

Beckman DB spectrophotometer with matching silica
cells (Beckman instruments)

6
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TABLE V
(h)
(1)
(j )

(continued)

TLC leveling board
ultra-violet short wave light
chromatosprayer

(23)

GLC apparatus Includingi
(a)
Perkln-Elmer model 990 gas chromatograph equipped
with hydrogen flame Ionization detector, PerkinElmer recorder (model 56), Infotronics automatic
Integrator and calculator
(b)
Perkln-Elmer model 3920 gas chromatograph equipped
with hydrogen flame Ionization detector and PerklnElmer recorder (model 56)
(c)
Gases:
Helium (American Cryogenic)
Nitrogen (American Cryogenic)
Hydrogen (Gulf Oxygen Co.)
Compressed Air (Gulf Oxygen Co.)
(d)
Hamilton syringe and plunger (0.1-1.0 ul)

(24)

Waterbath with 0-100°C thermometer
tific)

(25)

Whatman No. 1 filter paper

(26)

Glass w o o l , Pyrex

(27)

Laboratory stopper,

(28)

T-shaped glass tubing adapter with Teflon tubing
connections

(Precision Scien

#6 cork
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TABLE W
Glassware listed
(1)

30 ml bottles with Teflon screwcaps

(2)

500 ml screw-cap reagent bottles

(3)

100 ml evaporating dishes

(4)

Mortar and pestle

(heavy glass)

(5)

Beakers,

50 ml, 100 ml, 200 ml,

(6)

Volumetric flasks, 10 ml, 25 ml, 50
(100 ml low actinic), 1000 ml

(7)

24/40 joint condensers

(8)

Buchner funnels, 500 ml

(9)

Filter flasks, 500 ml

400

(10)

Round bottom flasks, 100 ml, 500 ml

(11)

Erlenmeyer flasks:

(12)

Graduated

cylinders:

(13)

Long-stem

and short-stem

ml
ml, 100 ml

wide mouth— 250 ml, 500 ml
small mouth— 125 ml, 300 ml
25 ml, 50 ml, 100 ml
funnels,

100 ml, 500 ml

(14)

Separatory funnels, 125 ml, 250 ml

(15)

50 ml Buret, NBS quality with 0.1 divisions
10 ml micro-buret, 0.02 ml divisions

(16)

Pipets:

Volumetric— all sizes
Mohr— all sizes
Disposable— 1 ml
Transfer— 9" and 12" lengths

(17)

Centrifuge tubes:

(IB)

Culture tubes with Teflon screwcaps,
20 x 150 ml

(19)
(20)
(21)

15 ml graduated centrifuge tubes
50 ml centrifuge tubes with stoppers
15 ml centrifuge tubes with groundglass stoppers
3 ml micro-centrifuge tubes
13 x 100 ml and

Lambda micro-pipets
Lang Levy micro-pipets
Low actinic glass reagent bottles, 1 and 5 liter
capacity
Hollow glass tubing
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